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Abstract  
I nformat ion systems that  are available today do not  opt imally address the 
informat ion-seeking behaviour of scholars, part icularly those who belong to 
scient ific communit ies;  as a result , scholar ly discovery is often cum bersom e and 
incomplete. The hypothesis of this study is that  an informat ion-seeking system 
that  is designed to address the nature of scholarly materials and the informat ion-
seeking behaviour of scholars, part icular ly the members of one scient ific 
community, will increase the effect iveness of the scholars’ searches and enable 
them  to find and obtain relevant  m aterials with greater ease and precision than 
current  pract ices do.  
 
The informat ion-seeking behaviour and search pract ices deployed by high-energy 
physics (HEP)  researchers are explored through a series of interviews and 
observat ions. More than 2,100 responses obtained from  a HEP survey are also 
exam ined;  in part icular, the part icipants’ open-ended responses are analysed. On 
the basis of qualitat ive and quant itat ive research regarding the characterist ics of 
HEP scient ists and their informat ion-seeking pract ices, a set  of six personas, 
represent ing typical m em bers of the HEP community, is const ructed.  
 
An original model is developed that  leverages exist ing models of informat ion 
behaviour, informat ion seeking, and informat ion searching and reflects the full 
spect rum of act ive informat ion-seeking and informat ion-searching pract ices of 
HEP scholars and the nature of the data that  these researchers seek. The model 
is then evaluated by means of seven scenarios involving the personas const ructed 
earlier.  
 
On the basis of the informat ion-seeking model, a software user interface is 
designed as the future interface for the HEP I NSPI RE informat ion system. The 
user- interface design is corroborated through the model, and the personas are 
used to evaluate the design. Methods are suggested for long- term  quant itat ive 
and qualitat ive monitoring of the ways in which this design supports HEP 
researchers. I t  is argued that  the proposed user interface, which provides an 
inform at ion environm ent  that  accom m odates the informat ion-seeking pract ices of 
the HEP com m unity in a fr iendly and efficient  m anner, will support  HEP academ ic 
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research—and research of other scholar ly com m unit ies that  share som e of the 
HEP com munity’s characterist ics—by shortening the search process and 
improving the findabilit y of quality materials.  
 
This thesis cont r ibutes to the body of informat ion-science knowledge in the novel 
modelling of informat ion-seeking behaviour of a well-defined scient ific 
com m unity, the use of personas for the m odelling, and the concret izat ion of the 
model into a new user- interface design.  
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Chapter 1  I nt roduct ion 
Scholarly materials have always been the basis for academic research, and in the 
past , a major different iator of research inst itut ions was the size and quality of 
their library’s physical collect ions. The elect ronic era, and later the invent ion of 
the I nternet , int roduced a new reality, where physical lim itat ions of locat ion and 
space were elim inated and access to materials could be granted from anywhere 
and at  any t ime.  
The first  informat ion systems to be provided elect ronically were library 
catalogues, enabling users to search for carefully described physical materials;  
yet  the provision of the m aterials themselves—books, manuscripts, maps, music 
scores, audio and video recordings, and more—was st ill physical. Hence, users 
were lim ited to a library that  they could access in person, or else they had to wait  
for materials that  were brought  to their library from  other locat ions. 
Providers of abst ract ing and indexing collect ions started digit izing their  collect ions 
in the m id-1980s, first  offer ing the digit ized versions to users on physical devices 
that  were available only at  a library and, more recent ly, providing access to the 
collect ions through the I nternet . Such materials are typically licensed and are 
thus available only to users affiliated with inst itut ions that  can afford to pay a 
subscript ion fee.  
The next  step was the elect ronic publishing of the m aterials them selves—first  
art icles, and later, conference proceedings, reports, books, and other scholarly 
m aterials. Today, m ost  art icles and many books are published elect ronically;  in 
some disciplines (pr imarily science, technology, and m edicine) , almost  all recent  
research materials are available elect ronically, and researchers tend to seek out  
these elect ronic versions. However, the majority of the materials are licensed, 
and hence access is regulated.  
Theoret ically, users can access all elect ronic m aterials no m at ter where the users 
are or what  day of the week or t im e of day it  is. However, in pract ice, users face 
several obstacles when they seek scholarly materials. The first , already 
ment ioned, is the licensing issue:  not  only is access lim ited to materials licensed 
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by the researcher’s inst itut ion, but  gaining access is not  always a st raight forward 
process, especially when the researcher is not  physically present  at  the 
inst itut ion. Furthermore, because materials are typically available from  several 
providers and several Web sites, hypertext  links that  facilitate the access to such 
m aterials do not  always link users to the copy of the material that  is licensed by 
their inst itut ion ( referred to in the library world as the ‘appropriate’ copy) . Various 
technologies address these challenges, including proxy servers and OpenURL link 
resolvers.1  
The actual locat ing of the desired materials is the other—and even greater—
challenge for users. A variety of informat ion systems is available today:  some are 
very general, all-purpose system s, such as Web search engines;  others are 
general academ ic systems, such as library catalogues, mult idisciplinary 
databases, and emerging discovery services offer ing m aterials in local library 
collect ions as well as elect ronically published materials;  and st ill others are very 
specific, targeted system s, such as subject -specific databases. As a result , a 
researcher is confronted with various user interfaces, search m echanism s, and 
levels of quality of the ret r ieved m aterials. Furthermore, the exponent ial growth 
of the number of publicat ions poses the challenge of how to review a long list  of 
search results that  all have some relevance to a specific topic. 
 
Surveys m onitor ing the changing behaviour of library users show a clear tendency 
towards the use of Web search engines and other Web resources instead of 
library catalogues and other library resources (OCLC 2005, 2006, 2007;  Markey 
2007a;  CI BER/ UCL 2008;  Connaway and Dickey 2010) . The publicat ion of the 
OCLC Online Computer Library Center survey Percept ions of Libraries and 
I nform at ion Resources:  A Report  to the OCLC Mem bership in late 2005 (OCLC 
2005) , followed by a report  focusing only on college students who part icipated in 
that  survey  (OCLC 2006) , confirm s what  librar ies already knew:  that  the 
behaviour of library users, part icular ly students, has changed since the 
                                          
1
 An OpenURL- com pliant  l ink  resolver  is a software serv ice com ponent  conf igured by 
t he user ’s l ibrary .  The link  resolver  generat es contex t - sensit ive serv ices—such as a link  
t o t he ‘appropr iat e’ copy of t he full t ex t  or ,  if  t he full t ex t  is not  available t o t he user ,  
t o a docum ent - delivery  form .  Such links are based on t he m et adata of t he it em s in 
which t he user  indicat ed an int erest .  The OpenURL standard is a prot ocol for  
interoperabilit y  between an inform at ion syst em  and a serv ice com ponent  ( a link  
resolver )  ( Van de Som pel and Beit - Ar ie 2001) .  
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emergence of Web search engines, online bookstores, and other Web-based 
services that  enable m any users to sat isfy their informat ion needs without  the 
help of the library. According to the 2006 OCLC report , 89%  of the undergraduate 
and graduate students surveyed start  their  search for informat ion with Web 
search engines, and only 2%  start  at  their  library Web site (OCLC 2006) . A later 
OCLC survey, published in 2007, reveals that  while respondents had taken 
advantage of Web services such as Web search engines, blogs, and online 
bookstores even more intensively in the two years since the 2005 survey, one 
Web service that  was included in the survey exhibited decreased usage during 
that  period—library Web sites (OCLC 2007) .  
 
Other stat ist ical data support  this t rend, even though the picture port rayed by 
such data is not  as grave. For example, stat ist ics compiled by the Associat ion of 
Research Libraries (ARL) , whose membership spans North Am erica, indicate a 
significant  decrease in reference t ransact ions (33% )  and circulat ion t ransact ions 
(6% )  at  ARL inst itut ions between 2000 and 2006, despite an increase of about  
12%  in the number of students enrolled in the member inst itut ions at  that  t ime 
(see ht tp: / / www.arl.org/ stats/ annualsurveys/ ar lstats/ statxls.shtm l) . 
 
The findings described thus far address the behaviour of the general body of 
library users. When the behaviour of researchers is exam ined, the findings are 
slight ly different  (Brown 1999;  Murphy 2003;  RI N 2006;  Hemminger et  al. 2007;  
Jamali and Nicholas 2008;  Gent il-Beccot  et  al. 2008;  Haines et  al. 2010) . 
However, it  is clear that  even in research communit ies, users are drawn to the 
simplicity and ease of use of Web search engines. Because m ost  scholar ly 
materials are discoverable through mult iple interfaces, users may well be able to 
obtain the sam e m aterials through Web search engines and academ ic systems—
without  facing the challenges posed by the lat ter. However, Web search engines 
come with their own drawbacks, part icular ly the lim ited searching and filter ing 
opt ions available to users and a search scope that  comprises a universe of 
m aterials of unequal quality. Furthermore, library-driven services such as 
bibliographic tools and citat ion analyses are not  available through Web search 
engines. Hence, m ost  researchers rely on m ore than one type of inform at ion 
system  and typically use both library-oriented system s and Web search engines. 
This dual informat ion-seeking behaviour that  characterises the academic 
com m unity is of great  interest  to designers of inform at ion system s.  
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1 .1  Mot ivat ion 
Overwhelmed by complex human-machine interfaces, users today are drawn to 
software solut ions that  require lit t le expert ise and m inimal effort . However, as 
academ ic users are surely aware, such system s m ay not  be as reliable and 
t rustworthy as systems that  libraries and informat ion providers offer. 
Furtherm ore, system s that  are simple to use do not  provide the means for users 
to conduct  sophist icated searches and discover the exact  m aterials that  are 
needed;  hence, users are often frust rated and end up set t ling for results that  are 
just  ‘good enough’. This thesis addresses the challenge of providing scholars with 
system s that  are easy to use and yet  offer tools that  help the scholars find and 
obtain the m aterials that  they need.  
 
An informat ion-seeking model that  is defined on the basis of the pract ices and 
expectat ions of today’s users, as is the model that  is proposed in this study, 
should inspire designers of search interfaces and provide value to the academ ic 
community:  a user interface like the one that  the author has created according to 
the principles of such a m odel will shorten the search process, im prove the 
findabilit y of quality materials, and thus support  academ ic research. 
1 .2  Research Hypothesis 
An informat ion-seeking system that  is designed to address the nature of scholar ly 
materials and the informat ion-seeking behaviour of scholars, part icularly the 
members of one scient ific community, will increase the effect iveness of the 
scholars’ searches and enable them  to easily find and obtain the precise materials 
that  they need. 
1 .3  Aim s and Object ives 
The aim  of this study is to propose an innovat ive model of an informat ion-seeking 
process conducted by researchers. Addressing the characterist ics and the needs 
of a specific scient ific community for the first  t im e, this m odel can enable 
designers of inform at ion system s to help the com m unity mem bers find and obtain 
relevant  m aterials with greater ease and precision than current  pract ices do. The 
study goes on to suggest  an original software user interface that  is based on the 
model and can be feasibly implem ented by providers of scholarly informat ion. 
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The high-energy physics (HEP)  com m unity is the target  research com munity of 
the study. However, the m odel and the interface design derived from  this model 
may serve other scient ific com m unit ies as well.   
 
To achieve its aim , the study adopts the following object ives:  
 • Exam ine informat ion-seeking behaviour and search pract ices of HEP 
researchers. I n part icular, observe and interview researchers to ascertain 
the ways in which they use HEP-specific and other informat ion systems for 
scholar ly research. 
 • Exam ine the more than 2,000 responses obtained from  a HEP survey that  
took place in the summer of 2007;  analyse the open-ended responses;  
and generate a set  of criter ia that  describe the search- related behaviour of 
HEP scient ists. 
 • Develop a set  of personas that  represent  typical members of the HEP 
com m unity. 
 • Design a general model that  describes informat ion-seeking pract ices by 
HEP scholars, and use the personas to evaluate the m odel. 
 • Use the proposed model as the basis for designing a software user 
interface that  can be deployed as the interface of the future HEP SPI RES 
informat ion system (called I NSPI RE)  now under development . 
 • Evaluate the proposed user interface by means of the informat ion-seeking 
model. 
 • Use the personas and follow-up interviews with HEP community m em bers 
to corroborate the interface design.  
 • Develop a set  of m easurem ents to evaluate the effects of the new 
interface on the informat ion-seeking behaviour of HEP scient ists who use 
that  interface.  
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1 .4  Contr ibut ion 
 
The cont r ibut ion of this thesis to the body of inform at ion-science knowledge 
consists of the definit ion of an inform at ion-seeking m odel that , for the first  t im e, 
addresses a specific scient ific com m unity that  is highly focused on research and 
has dist inct  informat ion-seeking pat terns. The model is created using an 
innovat ive approach—the development  of personas that  represent  scholars of the 
target  community and the applicat ion of the personas in the theoret ical context  of 
the model;  such personas are usually applied in pract ical contexts. I n addit ion, 
the concret izat ion of an informat ion-seeking model into a new user- interface 
design that  can be feasibly im plem ented provides a novel means of evaluat ing the 
theoret ical model empir ically and of support ing a specific scient ific community 
with its well-defined informat ion needs.  
 
1 .5  Case Study 
This research focuses on the high-energy physics (HEP)  com m unity.  
 
The HEP community is relat ively well defined and is highly focused on scholar ly 
com m unicat ion;  hence, the com m unity is a natural candidate for this research. 
I nnovat ive m ethods for the exchange of and access to publicat ions have been 
developed by community members to address their special needs, and a team of 
inform at ion specialists from  HEP cent res has been working for m ore than 35 
years to provide access to scholarly m aterials in an easy and reliable way. The 
team  invests m uch effort  in gathering scholarly materials and in developing 
communicat ion channels.  
A survey that  the team  launched in summer 2007 reveals the percept ions of 
com m unity m em bers about  the HEP informat ion systems. These percept ions 
demonst rate the importance that  the community members at t r ibute to 
informat ion seeking and their reliance on com munity resources and tools.  
The author of this thesis was int r igued by the HEP scient ists’ t remendous loyalty 
to their informat ion systems over such a long period of t ime. As an outsider, the 
author found the search interfaces of HEP inform at ion system s—the SPI RES 
database and the arXiv e-print  repository—rather complex and very different  from  
interfaces that  are becom ing the standard for academ ic searches. To bet ter 
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understand the ‘m agic’ that  at t racts the HEP researchers, the author decided to 
invest igate the informat ion-seeking behaviour of HEP community members and 
assist  the HEP informat ion specialists in their effort  to gain a bet ter understanding 
of their  users and to opt im ally address the evolving com munity’s needs within the 
exist ing informat ion framework.  
The survey responses, some of which the author analysed for the HEP inform at ion 
specialists, along with interviews that  the author conducted with com m unity 
m em bers, provided both quant itat ive and qualitat ive measures for understanding 
and modelling the informat ion-seeking behaviour of the com m unity m em bers. I n 
addit ion, the author was involved in an ongoing process to redesign the SPI RES 
inform at ion system ’s user interface, a process that  began in 2008.  
Although this case study addresses the high-energy physics com m unity, the fruits 
of this research m ay be relevant  to the scholar ly populat ion as a whole, as can be 
inferred from  other scient ific com m unit ies’ adopt ion of the arXiv e-print  service, 
originally a tool for HEP members. By ascertaining the commonalit ies between the 
HEP community and other scient ific com m unit ies, this research can serve to 
create bet ter informat ion-seeking interfaces for scholars in other fields.  
1 .6  Research 
Although the author originally set  out  to exam ine the informat ion-seeking 
behaviour of scholars in various disciplines, she decided to focus only on the HEP 
com m unity because of her greater holist ic understanding of it s needs, it s 
materials and resources, and the percept ions of its m em bers.  
 
The research included the phases described in Figure 1. 
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Figure 1:  Process and product s of t his research 
1 .6 .1  I nterview s 
The author interviewed seven HEP scient ists ranging from PhD candidates to the 
dean of the physics faculty;  two are experim ental physicists, and five, theoret ical 
physicists. The interviews took place in the scient ists’ offices at  the Weizmann 
I nst itute of Science ( in Rehovot , I srael) . I nformat ion from the interviews helped 
the author understand the inform at ion-seeking behaviour of these scient ists and 
the aspects of their daily rout ines that  involve the seeking, gathering, and 
exchange of inform at ion. Num erous addit ional interviews were conducted as the 
author advanced in her research and as she modelled the informat ion-seeking 
behaviour of the researchers and designed the proposed user interface. 
 
1 .6 .2  Survey Analysis 
The HEP informat ion specialists provided the author of this thesis with the 
results—about  2,100 responses—of the survey that  they had conducted in 2007 
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(see  Chapter 3)  and requested an analysis of the open-ended responses. The 
survey results, including this author’s analysis, yielded quant itat ive measures for 
assessing the informat ion behaviour and, in part icular, the informat ion-seeking 
behaviour of the community members.  
 
1 .6 .3  Personas 
The informat ion obtained from the interviews and the survey analysis served for 
defining six personas that  represent  six groups of ‘typical’ HEP scholars. The HEP 
informat ion specialists approved the representat ions and arranged these personas 
in order of the degree to which they consume scholarly materials. This order also 
represents the percept ion of the informat ion specialists regarding the effort  that  
one needs to invest  to support  the groups of scholars represented by each 
persona.  
 
The use of personas in a theoret ical study const itutes a novel approach to 
modelling informat ion-seeking behaviour.  
 
1 .6 .4  Research and W ork Experience 
For m ore than two decades, the author has been involved with software 
development  for informat ion systems. I n part icular, for the last  12 years she has 
been working for an internat ional software com pany that  develops solut ions for 
libraries and informat ion cent res, where she was responsible for the design of the 
user interfaces of two flagship products. This work included the building of a 
conceptual m odel of the interface, partnering with user- interface experts to 
design the interface, working with the developm ent  team  to develop the 
interface, and collaborat ing with focus groups and developm ent  partners to obtain 
feedback and conduct  usability studies, both of which cont r ibuted to the further 
developm ent  of the products. During that  t ime, this author published 17 papers 
addressing various aspects of informat ion system s in the library (see Appendix 
B) .  
 
1 .6 .5  I nform at ion- Seeking Model 
Using the knowledge acquired through the interviews, the survey analysis, work 
experience, and a survey of the relevant  literature, the author created an original 
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model of the informat ion-seeking behaviour of the HEP community scient ists in 
the context  of their work- related informat ion behaviour and used the personas to 
evaluate the m odel.  
 
The new informat ion-seeking model cont r ibutes to informat ion-seeking research 
in the focus on a specific scient ific com munity that  has dist inct  and well-defined 
informat ion-seeking pat terns. To the author’s knowledge, this is the first  t ime 
that  an informat ion-seeking model has been based on a specific comm unity of 
scholars. Furthermore, the model addresses the full spect rum of act ive 
informat ion-seeking of the community. 
 
1 .6 .6  User- I nterface Design 
The m odel that  the author const ructed served as a basis for the author’s design 
of a new user interface for SPI RES, the HEP database of scholarly publicat ions of 
community members. The author presented this design to the HEP inform at ion 
specialists in writ ing and verbally, in a meet ing that  took place at  the European 
Organizat ion for Nuclear Research (CERN) in Geneva. Because of lim ited human 
resources, the team  adopted only a few of the author’s recommendat ions for their 
init ial version of the successor of SPI RES, called I NSPI RE, but  the implementat ion 
of m ore of these recom m endat ions has already been planned. As of this writ ing, 
the I NSPI RE database is in beta test ing, and the author cont inues to advise the 
inform at ion specialists about  specific issues that  com e up.  
 
The concret izat ion of an informat ion-seeking model into a user- interface design is 
an innovat ive approach to the way in which a theoret ical model can be assessed 
and applied in a pract ical context—in this case, to improve the support  for the 
informat ion-seeking pract ices of a specific scient ific community.  
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1 .7  Design and Evaluat ion Processes 
This research consists of a series of steps, each providing the basis for the next  
step (Figure 2) .  
 
Figure 2:  Design and evaluat ion 
 
The purpose of the first  steps—interviews with researchers and the analysis of the 
HEP survey—is the gathering of evidence, which then serves as a basis for the 
definit ion of personas. The personas, in turn, along with a survey of exist ing 
models, serve as the basis for the design of the informat ion-seeking model, 
including its subcomponent , the informat ion-searching model. The informat ion-
seeking model is evaluated with the aid of the personas. 
 
The models and the author’s work experience serve as the basis for the user-
interface design. The design is evaluated by means of the model and the 
personas. 
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1 .8  St ructure of the Thesis 
This thesis is divided into seven chapters. Following the int roduct ion (  Chapter 1) , 
a literature overview in  Chapter 2 t races the evolut ion of inform at ion search-and-
ret r ieval models that  emphasise human informat ion-seeking behaviour. The 
models are described in light  of the development  of research in this area, and 
their  relevance to this study is explained. 
 
 Chapter 3 describes the high-energy physics com m unity and its informat ion-
seeking behaviour and search pract ices as ascertained by observat ions of, and 
interviews with, HEP researchers. An analysis of HEP scient ists’ open-ended 
responses to a survey of their informat ion-seeking pract ices is provided, and a set  
of cr iter ia that  describe those pract ices is formulated.  
 
 Chapter 4 explains how the findings from  the interviews and survey responses 
were leveraged to create a set  of six personas that  represent  typical members of 
the HEP community. These personas later serve in the evaluat ion of an 
informat ion-seeking model proposed by the author and a user- interface design 
that  the author derives from  this model.  
 
I n  Chapter 5, an original model that  aims to represent  the informat ion-seeking 
pract ices by HEP scholars is presented. The personas that  are defined in  Chapter 
4 are used to evaluate the informat ion-seeking model. 
 
 Chapter 6 explains how the informat ion-seeking model is used to derive a 
software user- interface design. Aspects of the user interface are discussed in 
terms of the components and workflows making up the model, and the model is 
then used to evaluate the user- interface design. The design is also corroborated 
through the use of personas and addit ional interviews with HEP community 
mem bers. Finally, a set  of measures is defined to provide an inform ed evaluat ion 
of the interface’s effects on the informat ion-seeking behaviour of HEP scient ists 
who use it . 
 
 Chapter 7 summarizes the research findings and suggests direct ions for future 
work in this area. 
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Appendix A contains sum m aries of the interviews that  the author conducted with 
the HEP researchers in 2008 and the beginning of 2009. 
 
Appendix B lists the author’s publicat ions. 
 
1 .9  Previous Publicat ions by This Author 
Parts of this thesis are drawn from previous publicat ions, as follows:  
 • Parts of  Chapter 3 appear in Sadeh 2008a.  
 • The discussion about  clustering and faceted browsing (  Chapter 6)  was 
presented in Sadeh 2008a. 
 • Discussions about  users’ expectat ions and behaviour in the library 
domain are discussed in several publicat ions (Sadeh 2007a, 2007b, 
2007c, 2008c) . Som e background inform at ion is taken from Sadeh 
2007b.  
 
Other publicat ions by this author are listed in Appendix B. 
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Chapter 2   Literature Review  
2 .1  I nt roduct ion 
 
The research for this thesis spans several scholarly areas. The topic of users’ 
informat ion-seeking behaviour is exam ined through user studies, on the one 
hand, and through literature related to informat ion seeking and ret r ieval, on the 
other hand. While literature about  informat ion seeking and ret r ieval m odels has 
cont r ibuted to establishing the theoret ical background for describing user 
behaviour in this thesis, user studies provide evidence regarding the actual use of 
inform at ion system s. Both the theoret ical understanding and the pract ical findings 
were inst rumental in the author’s design of the informat ion-seeking model and, 
later, in the user- interface design.  
 
Once the high-energy physics (HEP)  com munity was selected as the target  of this 
research, literature about  the community and its informat ion systems provided 
insights about  the dist inct  informat ion behaviour of the com m unity mem bers. This 
literature cont r ibuted to the author’s understanding and interpretat ion of the 
members’ informat ion-seeking behaviour in the specific context  of HEP research. 
User studies that  focus on this com m unity have been of great  value to the 
discussions in this thesis, but  user studies that  relate to sim ilar comm unit ies or 
more general scient ific communit ies are also relevant  as measures for comparison 
between the behaviour of the HEP researchers and other scient ists.  
 
I nform at ion gathered in the area of user- interface design was helpful in 
t ranslat ing the abst ract  model into a proposal for an actual informat ion system. 
The use of personas as part  of the whole research process was also supported by 
evidence from  relevant  literature.  
 
This thesis is therefore posit ioned at  the intersect ion of several research areas 
(Figure 3) :  
 
o I nformat ion seeking and ret r ieval and models of informat ion behaviour 
and informat ion seeking 
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o User studies focusing on academ ic communit ies’ informat ion-seeking 
percept ions and pract ices 
o User- interface design 
o I nform at ion system s and scholarly com m unicat ion pract ices of the high-
energy physics community 
 
 
Figure 3:  Contex t  of t h is study 
 
This chapter provides a general survey of applicable literature, with certain topics 
covered in greater detail later in this thesis. Out  of the m any works consulted by 
the author, some were selected to be described in this chapter on the basis of 
their  concrete cont r ibut ion to the discussion at  hand. For exam ple, inform at ion-
seeking models that  are discussed in this thesis are those that  are general 
enough to apply, to som e degree, to the HEP com m unity and hence could serve 
as a basis for the definit ion of a new informat ion-seeking model that  is specific—
focusing on the HEP com m unity—and st ill inclusive, covering the full spect rum  of 
informat ion-seeking pract ices of the community.  
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2 .2  I nform at ion Seeking and Retr ieval: 
Term inology and Models 
 
I n 1979, the philosopher Jean-François Lyotard coined the term  ‘postmodernism ’, 
giving a nam e to a school of thought  that  influenced the second half of the 
twent ieth century, gaining momentum at  the end of the 1960s. Postmodernism —
a react ion against  the rat ionalism , scient ism , and object ivity of m odernism —
signifies a shift  of human philosophical percept ions toward the acceptance of 
pluralism , decent ralizat ion, dissem inat ion, and networked knowledge. 
Represent ing scept icism  toward universal and authoritat ive views, postmodernism  
acknowledges the not ion of relat ive t ruth and the hum an interpretat ion of reality 
within a specific context . 
 
When one projects postmodernist  not ions on inform at ion system s, it  becom es 
clear that  hum an diversity is such that  the user’s context  is crucial to the success 
or failure of technological solut ions that  aim  at  sat isfying informat ion needs. 
Therefore, it  is no wonder that  research in the area of informat ion seeking and 
ret r ieval, which init ially focused on a system-oriented view, has shifted toward a 
user-cent r ic approach. Furthermore, while informat ion systems in their early 
years were scarce and st ruggled to provide basic funct ionality, by the m id-1980s 
these systems formed a robust  infrast ructure that  could allow inform at ion 
researchers to turn their  eyes—and thoughts—to the user. Not  surprisingly, this 
t rend has been accom panied by a shift  from  quant itat ive m ethods of invest igat ion 
to qualitat ive methods that  enable researchers to gain an in-depth understanding 
of individuals and their informat ion needs. Bates describes the shift  to qualitat ive 
research as follows:  ‘Whereas the scient ific perspect ive was driven by a 
fundam ental assum pt ion that  we can be easily fooled by our own percept ions, 
and so we had to place intervening cont rols between ourselves and the thing 
observed, the qualitat ive approach revels in the ingenuity and uniqueness of 
insight  of the individual who is doing the research’ (Bates 2002) . 
 
Because of the focus of the present  study on researchers and researchers’ needs, 
this chapter discusses selected t rends and models that  cohere with the user-
cent r ic approach to informat ion-behaviour research and informat ion-seeking 
research. The way in which these models apply to informat ion-seeking behaviour 
of HEP researchers is discussed in detail in  Chapter 5.  
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2 .2 .1  Term inology 
To ensure a common understanding of term inology, this sect ion proposes 
definit ions of the terms inform at ion behaviour ,  inform at ion need,  inform at ion-
seeking behaviour , inform at ion-searching behaviour ,  and inform at ion use.  
 
2 .2 .1 .1  I nform at ion Behaviour  
I ngwersen and Järvelin (2005)  define informat ion behaviour as the ‘hum an 
behavior dealing with generat ion, com m unicat ion, use and other act ivit ies 
concerned with informat ion, such as, informat ion seeking behavior and interact ive 
I R [ inform at ion ret r ieval] ’ ( I ngwersen and Järvelin 2005, 21) .  
 
Wilson (2000)  proposes a slight ly different  definit ion of inform at ion behaviour:  
‘the totalit y of human behavior in relat ion to sources and channels of informat ion, 
including both act ive and passive informat ion seeking, and informat ion use. Thus, 
it  [ inform at ion behaviour]  includes face- to- face com m unicat ion with others, as 
well as the passive recept ion of informat ion as in, for example, watching TV 
advert isem ents, without  any intent ion to act  on the informat ion given’ (Wilson 
2000, 49) .  
 
I n the context  of this thesis, the definit ion of informat ion behaviour is derived 
from  Wilson’s definit ion but  is m ore specific:  the behaviour of the members of a 
research com m unity in connect ion with their  work- related sources and channels 
of informat ion, including both act ive and passive informat ion seeking, and 
inform at ion use. Lim it ing the definit ion of informat ion behaviour to the work 
context  elim inates any reference to the passive recept ion of informat ion without  
any intent  on the part  of the recipient  to act  on the inform at ion given. I n the 
context  described in this study, the fact  that  the recipient  is a m em ber of the 
research community already implies some degree of intent . I t  could well be that  
informat ion is passively acquired when, for example, researchers take part  in a 
conference and at tend lectures that  are not  direct ly related to im m ediate work 
tasks or have a discussion with colleagues over dinner;  however, any such 
informat ion may become relevant  at  a later stage.  
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2 .2 .1 .2  I nform at ion Need 
The definit ion of an inform at ion need is far from  st raight forward, although m any 
consider the term  self-explanatory. Dervin and Nilan (1986)  discuss at  length the 
shift  in the definit ion of inform at ion need from  a focus on the system —what  it  is 
in the informat ion system that  the user needs—to a focus on the user—what  it  is 
that  the user needs. An informat ion need, in their view, is a situat ion ‘in which 
the individual’s internal sense “ runs out .”  The person m ust  create a new sense’ 
(Dervin and Nilan 1986, 21) . The person needs to br idge a gap to return to a 
state of possessing internal sense.  
 
I ngwersen and Järvelin (2005)  provide a definit ion that  acknowledges the same 
gap:  for them, inform at ion need ‘signifies a consciously ident ified gap in the 
knowledge available to an actor. I nformat ion needs may lead to inform at ion 
seeking and form ulat ion of requests for inform at ion’ ( I ngwersen and Järvelin 
2005, 385) .  
 
This work different iates between informat ion seeking and informat ion searching 
and therefore adopts the definit ion of inform at ion need from  I ngwersen and 
Järvelin, with a slight  modificat ion:  a consciously ident ified gap in the knowledge 
available to a user that  may lead to informat ion searching.  
 
2 .2 .1 .3  I nform at ion- Seeking Behaviour  
Wilson (2000)  defines informat ion-seeking behaviour as ‘the purposive seeking 
for informat ion as a consequence of a need to sat isfy som e goal. I n the course of 
seeking, the individual may interact  with manual informat ion systems (such as a 
newspaper or a library) , or with com puter-based system s (such as the World 
Wide Web) ’ (Wilson 2000, 49) . 
 
According to I ngwersen and Järvelin (2005) , informat ion-seeking behaviour is 
‘human informat ion behavior dealing with searching or seeking informat ion by 
m eans of inform at ion sources and ( interact ive)  informat ion ret r ieval systems’ 
( I ngwersen and Järvelin 2005, 21) . 
 
For the purposes of this study, informat ion seeking is defined in a slight ly 
different  way, acknowledging the reliance of researchers on finding inform at ion 
that  they do not  explicit ly specify but  that  is nevertheless vital to their work 
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tasks. This study views informat ion-seeking behaviour as informat ion behaviour 
that  consists of an act ive pursuit  of inform at ion through the use of inform at ion 
system s, by the m em bers of a research com munity. By not  referr ing to a specific 
need, this definit ion is applicable to both directed and undirected searching (see 
Bates’s modes of informat ion seeking in  2.2.2.5) . 
 
2 .2 .1 .4  I nform at ion- Searching Behaviour 
I nformat ion-searching behaviour, according to Wilson (2000) , ‘is the “m icro- level”  
of behavior employed by the searcher in interact ing with inform at ion system s of 
all k inds. I t  consists of all the interact ions with the system, whether at  the level of 
hum an computer interact ion ( for exam ple, use of the mouse and clicks on links)  
or at  the intellectual level ( for example, adopt ing a Boolean search st rategy or 
determ ining the criter ia for deciding which of two books selected from adjacent  
places on a library shelf is most  useful) , which will also involve mental acts, such 
as judging the relevance of data or inform at ion ret r ieved’ (Wilson 2000, 49) . 
 
I n some studies, searching and seeking are regarded as synonym s. I ngwersen 
and Järvelin (2005) , for exam ple, do not  different iate between informat ion 
seeking and searching (see  2.2.1.3 for their definit ion of informat ion seeking) .  
 
This thesis follows Wilson’s approach, with his dist inct ion between informat ion 
seeking and informat ion searching. I nformat ion-searching behaviour is, then, the 
aspect  of informat ion-seeking behaviour that  deals especially with act ive, directed 
searching in informat ion systems for data that  can be specified to some degree.  
 
2 .2 .1 .5  I nform at ion- Use Behaviour  
According to Wilson (2000) , informat ion-use behaviour ‘consists of the physical 
and mental acts involved in incorporat ing the informat ion found into the person's 
exist ing knowledge base. I t  may involve, therefore, physical acts such as marking 
sect ions in a text  to note their importance or significance, as well as mental acts 
that  involve, for example, comparison of new informat ion with exist ing 
knowledge’ (Wilson 2000, 50) . This definit ion, albeit  useful, fails to relate to the 
inform at ion need that  m ay have t r iggered the search process (although a person 
m ay find inform at ion useful even without  having a perceived need for it ) .  
Therefore, the present  study m odifies Wilson’s definit ion of inform at ion-use 
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behaviour as follows:  the physical and mental acts involved in extending a 
person’s exist ing knowledge base with new informat ion.  
 
2 .2 .2  Models 
 
Unt il the 1990s, research in the area of user needs, informat ion needs, and 
inform at ion-seeking behaviour did not  support  the accumulat ion of a body of 
theory and empir ical findings that  could serve for further research. Wilson (1999)  
states a num ber of reasons for this situat ion. First , the quant itat ive research 
m ethods used could not  provide insights that  could support  the developm ent  of a 
theory or pract ice in this area. Second, researchers focused on informat ion 
science and did not  adopt  theoret ical models of hum an behaviour from  other 
fields. Third, general m odels of user behaviour started to emerge only in the m id-
1980s.  
 
I n another ret rospect ive review of earlier research, Dervin and Nilan (1986)  
observe that  ‘almost  without  except ion “ informat ion needs”  have not  been 
defined as what  users think they need but  rather in terms that  designate what  it  
is in the informat ion system that  is needed. The definit ions have not  focused on 
what  is m issing for users ( i.e., what  gaps they face)  but  rather on what  the 
system  possesses’ (Dervin and Nilan 1986, 17) . 
 
With the adopt ion of qualitat ive research methods and the acceptance of theories 
and models originat ing in the social sciences, the situat ion has changed. New 
m odels have em erged and have served as a basis for further research, such as 
the research conducted as part  of the present  study. These models include those 
proposed by Wilson (1981, 1999) ;  Dervin—in her paper ‘An overview of Sense-
Making research:  Concepts, m ethods, and results to date’, presented at  the 
annual meet ing of the I nternat ional Communicat ion Associat ion, Dallas, TX, in 
May 1983 (cited by Dervin and Nilan 1986) ;  Ellis—in the paper ‘A behavioural 
approach to informat ion ret r ieval design’, published in the Journal of 
Docum entat ion in 1989 (as described by Wilson [ 1999]  and I ngwersen and 
Järvelin [ 2005] , among others) ;  Bates (1989, 2002) ;  Kuhlthau (1991) ;  Ellis 
(1993) ;  Belkin et  al. (1995) ;  and Marchionini (1995) . 
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Theories and models that  are of the greatest  significance to this thesis are briefly 
presented in this chapter and discussed in more detail in  Chapter 5.  
 
2 .2 .2 .1  W ilson’s Models of I nform at ion Behaviour and 
I nform at ion- Seeking Behaviour  
 
Wilson’s 1981 paper, which includes definit ions of concepts and m odels of 
informat ion behaviour and informat ion-seeking behaviour, has significant ly 
influenced inform at ion research since then. By defining basic concepts and 
offering a new approach to the mot ivat ion underly ing informat ion-seeking 
behaviour, Wilson aims to reduce the confusion related to user studies and the 
percept ion of inform at ion needs. As noted by Bawden (2006) , ‘by 1980, the field 
[ of user studies]  was burgeoning in interest  and publicat ion, but  lacking clear 
foundat ions of m ethod and conceptual fram ework. Wilson’s art icle m ust  be seen 
against  that  background’ (Bawden 2006, 672) . After discussing the challenges 
involved in the use of the term  ‘informat ion’, Wilson presents a model of 
informat ion behaviour (discussed in  Chapter 5 of this thesis)  as ‘a way of thinking 
of the field “user studies” ;  it s aim  is not  to “model”  informat ion-seeking behaviour 
but  to draw at tent ion to the interrelat ionships am ong concepts used in the field’ 
(Wilson 1981) .  
 
Wilson then explores the concept  of inform at ion needs and shows the com plex 
relat ionships between a user in a specific context  and an informat ion source. 
Addressing the context  of an individual, Wilson asserts that  ‘the “user 's life world”  
can be defined as the totality of experiences cent red upon the individual as an 
informat ion user. Within this life-world one important  sub-world will be the world 
of work, within which will exist  various “ reference groups”  with which the user 
ident ifies:  fellow professionals, the peer group within an organizat ion and so on’ 
(Wilson 1981) .  
 
Wilson notes that  informat ion-seeking behaviour research can have two form s:  it  
‘can stand on its own as an area of applied research where the mot ive for the 
invest igat ion is pragmat ically related to system design and development ’, as in 
the present  study, or it  can serve to help one ‘understand why the inform at ion 
seeker behaves as he does. This is an area of basic research and, although the 
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result ing knowledge may have pract ical applicat ions, there is no necessity that  it  
should’ (Wilson 1981) .  
 
Through a further explorat ion of the concept  of ‘inform at ion needs’, Wilson 
presents a model of informat ion-seeking behaviour (discussed in  Chapter 5 of this 
thesis)  and proposes ‘to remove the term  “ inform at ion needs”  from  our 
professional vocabulary and to speak instead of informat ion-seeking towards the 
sat isfact ion of needs’ (Wilson 1981) . 
 
Wilson goes on to discuss the context  of the user and the influence that  this 
context  has on the user’s inform at ion-seeking behaviour, suggest ing that  ‘the 
search for determ ining factors related to needs and informat ion-seeking 
behaviour m ust  be broadened to include aspects of the environm ent  within which 
the work- role is performed’ (Wilson 1981) . One of the consequences of 
broadening one’s understanding of the user’s context  that  Wilson points out  is 
that  ‘if we wish to uncover the determ ining factors of behaviour we m ust  do so by 
first  undertaking in-depth studies of well-defined categories of persons, 
developing explanatory concepts and then test ing these concepts in related but  
different  set t ings’ (Wilson 1981) .  
 
Wilson predicts a shift  in the focus of research—from looking at  informat ion 
sources and system s to ‘an explorat ion of the role of informat ion in the user's 
everyday life in his work organizat ion or social set t ing’ (Wilson 1981)—and 
foresees three consequences. The first  is the reliance on qualitat ive research, 
instead of or in addit ion to quant itat ive research methods. The second is the 
at tem pt  to determ ine the behaviour’s underlying factors by in-depth studies of 
well-defined groups, and the third is the exam inat ion of user behaviour in a wider 
perspect ive of psychological and sociological studies.  
 
Wilson’s 1981 art icle had a great  impact  on inform at ion-behaviour research. As 
Bawden (2006)  asserts in his review of Wilson’s art icle, ‘one of the st rengths of 
Wilson’s 1981 proposals—and, I  believe, the reason they are st ill widely cited—is 
that  their  relat ive sim plicity enables a consensus understanding rare in the field. 
The sam e is surely t rue of Wilson (1999) representat ion of the relat ion between 
human informat ion behaviour, informat ion seeking and informat ion ret r ieval;  
sim ple indeed, but  with the power to bring clar ity where there was none before’ 
(Bawden 2006, 673) . 
 A Model of  Scient ist s’ I nform at ion Seek ing and a User - I nter face Design 
Tam ar  Sadeh 
Page 24 
 
The applicabilit y of Wilson’s models to the HEP informat ion-seeking pract ices is 
described in  Chapter 5. 
 
2 .2 .2 .2  Dervin’s Sense- Making Model 
 
The sense-making approach ‘consists of a set  of conceptual and theoret ical 
prem ises and a set  of related methodologies for assessing how people m ake 
sense of their  worlds and how they use informat ion and other resources in the 
process’ (Dervin and Nilan 1986, 20) .  
 
To describe the behaviour of the informat ion-seeker, or sense maker, Dervin 
proposes a ‘situat ion-gap-use’ model in her 1983 paper An overview of Sense-
Making research:  Concepts, m ethods, and results to date,  presented at  the 
annual meet ing of the I nternat ional Communicat ion Associat ion, Dallas, TX (cited 
in Dervin and Nilan 1986) . The elements that  make up the model are a situat ion 
( in t im e and space) , which defines the context ;  a desired situat ion;  a gap 
between the contextual situat ion and the desired situat ion, and a bridge that  
closes this gap (Figure 4) . According to this model, the sense maker is stopped at  
a situat ion because of som e kind of gap and needs to m ake use of a ‘br idge’ 
across the gap to resum e the situat ion of sense m aking.  
 
Figure 4:  Derv in 's sit uat ion- gap- use m odel 
 
 
 A Model of  Scient ist s’ I nform at ion Seek ing and a User - I nter face Design 
Tam ar  Sadeh 
Page 25 
I n his review of this model, Wilson (1999) sees the st rength of Dervin’s approach 
in its methodological effects. When applied to informat ion behaviour, this 
approach can provide a framework for invest igat ing the nature of the situat ion, 
the degree to which the gap can be bridged by inform at ion, and the nature of the 
outcom es following the use of informat ion. Such quest ioning can serve as a 
t r igger to obtaining insights that  may help the designers of informat ion services.  
 
I ngwersen and Järvelin (2005)  see the sense-making approach as an im portant  
advancem ent  in the research on informat ion seeking. According to them , the 
sense-m aking approach ‘draws at tent ion to individual sense-m aking (problem  
solving)  in varying situat ions, and focuses on the actor [ the informat ion seeker]  
and process viewpoints rather than a systems (or t radit ional assumpt ions’)  
viewpoint ’ ( I ngwersen and Järvelin 2005, 62) .  
2 .2 .2 .3  Ellis’s Feature Set  
 
Ellis (1989, as described by Wilson [ 1999]  and I ngwersen and Järvelin [ 2005] , 
am ong others)  ident ifies eight  features of inform at ion-seeking behaviour that  
characterize both academ ic and non-academ ic searchers in various fields and 
professions.  
 
The eight  features that  Ellis ident ifies are the following:  
 
o Start ing:  perform ing act ivit ies that  character ize the init ial stages of a 
search process, such as looking for review literature or asking the help of 
a colleague 
o Chaining:  following leads in known materials to other materials—for 
example, following references at  the end of an art icle 
o Browsing:  conduct ing sem i-directed searches, such as ident ifying art icles 
in a journal’s table of contents 
o Different iat ing:  using differences in the exam ined informat ion as filters 
o Monitor ing:  maintaining an awareness of the current  developments in the 
field  
o Ext ract ing:  systemat ically ident ify ing relevant  materials  
o Verifying:  checking inform at ion for accuracy 
o Ending:  ending the process, possibly by a final search 
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The way in which these eight  features interrelate to form  an individual 
informat ion-seeking pat tern depends on the specific context . Ellis (1993)  
dem onst rates that  variat ions of these features and of the way in which they relate 
to each other emerge when the informat ion-seeking behaviour of individuals 
belonging to different  communit ies (social sciences, econom ics and social history, 
physics, chem ist ry, and English literature)  is exam ined.  
 
Referr ing specifically to the physicists, Ellis (1993)  notes:   
The study of  t he physicist s em ployed slight ly  dif ferent  t erm inology 
and der ived a m odel t hat  dif fered in det ail f rom  that  der ived from  
the interv iews w it h t he social scient ist s.  Five m ain categor ies were 
ident if ied:  in it ial fam iliar izat ion—act iv it ies under t aken at  t he ear liest  
st ages of inform at ion seek ing;  chasing—follow ing up cit at ion links 
between m at er ials;  source pr ior it izat ion—ranking sources based on 
percept ions of t heir  relat ive im por tance;  m aintain ing awareness—
act iv it ies involved in keeping up- t o- dat e;  and locat ing—act iv it ies 
engaged in t o actually  f ind t he inform at ion.  ( Ellis 1993,  482)  
 
However, as Ellis (1993)  points out , ‘although the models differ in term inology 
and detail,  when the features and characterist ics of the models are compared 
they can be seen to be represent ing fundamentally the same act ivit ies' (Ellis 
1993, 483) . 
 
Wilson (1999)  divides Ellis’s set  of features into several types:  
Browsing,  chaining and m onit or ing are search procedures,  whereas 
dif ferent iat ing is a f i lt er ing process and ext ract ing m ay be seen as 
an act ion per form ed on t he inform at ion sources.  
 
The rem aining behav iours do not  necessar ily  t ake place in a specif ic 
sequence and m ay be init iat ed in dif ferent  sequences at  dif ferent  
t im es in t he overall search process.  Ellis's account ,  t herefore,  in 
t erm s of t he dif ferent  k inds of features it  em bodies,  appears t o sit  
between t he m icro- analysis of search behav iour  ( st ar t ing,  chaining,  
ext ract ing,  ver ify ing,  ending)  and a m ore m acroanalysis of 
inform at ion behav iour  generally  ( browsing,  m onit or ing,  
dif ferent iat ing) .  ( Wilson 1999,  7)   
 
Because Wilson (1999)  sees Ellis’s features as funct ioning at  different  levels of an 
informat ion-seeking process than the elements that  Wilson had defined in his 
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inform at ion-seeking model (1981) , he explores the possible inclusion of these 
features in his model. Further discussion is provided in  Chapter 5 of this study. 
 
2 .2 .2 .4  Kuhlthau’s Process Model 
 
Kuhlthau (1991)  presents the process of informat ion searching from  the user’s 
perspect ive as a ‘series of encounters with informat ion within a space of t ime’ 
(Kuhlthau 1991, 361) . I n the context  of her research, this inform at ion search 
process ( I SP)  ‘is the user’s const ruct ive act ivity of finding m eaning from 
informat ion in order to extend his or her state of knowledge on a part icular 
problem  or topic’ (Kuhlthau 1991, 361) .  
 
Following Dervin’s sense-making approach (see  2.2.2.2) , Kuhlthau (1991)  
explains:    
I nform at ion seek ing is v iewed as a process of sense- m ak ing in 
which a person is form ing a personal point  of  v iew… The indiv idual 
is act ively  involved in f inding m eaning which f it s in w it h what  he or  
she already knows,  which is not  necessar ily  t he sam e answer  for  
all,  but  sense- m aking wit hin a personal fram e of  reference.  
I nform at ion from  var ious sources is assim ilated into what  is already 
known through a ser ies of choices.  Form al organized sources from  
inform at ion syst em s int eract  w it h inform al sources from  everyday 
life exper iences.  The I SP culm inat es in a new understanding or  a 
solut ion which m ay be present ed and shared.  Ev idence of t he 
t ransform at ion of inform at ion int o m eaning is present  in t he 
product s or  presentat ions in which users share t heir  new knowledge 
wit h others.  ( Kuhlt hau 1991,  361)  
 
Kuhlthau (1991)  defines six stages, or encounters, of the inform at ion search 
process—init iat ion ( the user is becom ing aware of a need for inform at ion) ,  
select ion ( ident ifying the topic for searching) ,  explorat ion (seeking informat ion on 
the topic) ,  focus formulat ion (st ructur ing and fix ing the problem  at  hand) , 
collect ion (gathering relevant  informat ion) ,  and presentat ion (using the results of 
the search) . The model presents three dimensions for each stage:  affect ive 
( feelings) , cognit ive ( thoughts) , and physical (act ions)  (Figure 5) .  
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Figure 5:  Kuhlt hau's inform at ion search process ( I SP) .  
Modif ied from  Kuhlt hau ( 1991) ,  Table 2.  
 
Wilson (1999)  notes that  ‘in effect , what  Kuhlthau postulates here (and confirm s 
by em pir ical research)  is a process of the gradual refinem ent  of the problem  area, 
with informat ion searching of one kind or another going on while that  refinement  
takes place’ (Wilson 1999, 8) . Wilson draws sim ilar it ies between Kuhlthau’s model 
and Ellis’s feature list  (  2.2.2.3)—although he finds Kuhlthau's model more general 
than Ellis’s feature list  because the former draws at tent ion to the feelings that  are 
associated with each stage—and t r ies to bring them together by mapping Ellis’s 
categories to Kuhlthau’s stages (Figure 6) . Wilson (1999)  concludes as follows:   
Through t his m erger  of t he t wo m odels,  we can see st rong 
sim ilar it ies and t he m aj or  dif ference appears t o be t hat  Ellis 
specif ies t he m odes of explorat ion or  invest igat ion.  The point  m ust  
be reit erat ed,  however ,  t hat  Ellis does not  present  his 
charact er ist ics as stages but  as elem ents of behav iour  t hat  m ay 
occur  in dif ferent  sequences wit h dif ferent  persons,  or  w it h t he 
sam e person at  dif ferent  t im es.  Thus,  t he two m odels are 
fundam ent ally  opposed in t he m inds of t he authors:  Kuhlt hau posit s 
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stages on t he basis of her  analysis of behav iour ,  while Ellis suggest s 
t hat  t he sequences of behav ioural charact er ist ics m ay vary . ’ ( Wilson 
1999,  9)   
 
 
Figure 6:  Wilson's com par ison of Ell is's and Kuhlt hau's f ram eworks.  
Modif ied from  Wilson ( 1999) ,  Figure 6.  
 
2 .2 .2 .5  Bates’s Models 
 
I n her discussion of searching, Bates (1989)  puts an emphasis on the evolving 
nature of a search process, as is evidenced from  the observat ion of manual 
informat ion-seeking behaviour of individuals, and int roduces a model that  
describes this process. 
 
Bates (1989)  first  challenges the classic m odel of inform at ion ret r ieval (Figure 7)  
on several grounds. She argues that  the model is not  inclusive regarding the type 
of searches it  represents and that  it  has many lim itat ions ‘as a realist ic 
representat ion of actual searches’ (Bates 1989) . Furthermore, the model lim its 
the ‘creat ivity in developing I R systems that  really meet  user needs and 
preferences’ (Bates 1989) .  
 
 
Figure 7:  The classic inform at ion- ret r ieval m odel.  
Modif ied from  Bates ( 1989) ,  Figure 1.  
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The berrypicking model (Figure 8)  that  Bates (1989)  proposes suggests a 
different  perspect ive on the nature of the query and the search process, embeds 
the search process in an informat ion terr itory, and applies to a range of search 
techniques.  
 
According to Bates (1989) , 
users m ay begin w it h j ust  one feat ure of a broader  t opic,  or  j ust  one 
relevant  reference,  and m ove t hrough a var iet y  of sources.  Each 
new piece of  inform at ion t hey  encounter  gives t hem  new ideas and 
direct ions t o follow and,  consequent ly ,  a new concept ion of t he 
query.  At  each stage t hey are not  j ust  m odify ing t he search t erm s 
used in order  t o get  a bet t er  m at ch for  a single query .  Rather  t he 
query  it self  ( as well as t he search t erm s used)  is cont inually  
shif t ing,  in par t  or  whole…. 
 
Fur therm ore,  at  each stage,  w it h each dif ferent  concept ion of  t he 
query ,  t he user  m ay ident ify  useful inform at ion and references.  I n 
other  words,  t he query  is sat isf ied not  by a single f inal ret r ieved set ,  
but  by a ser ies of select ions of indiv idual references and bit s of 
inform at ion at  each stage of t he ever - m odify ing search.  A bit - at - a-
t im e ret r ieval of  t h is sor t  is here called ber rypick ing.  This t erm  is 
used by analogy t o pick ing huck leberr ies or  blueberr ies in t he 
forest .  The berr ies are scat t ered on t he bushes;  t hey do not  com e in 
bunches.  One m ust  pick  t hem  one at  a t im e.  One could do 
ber rypick ing of inform at ion w it hout  t he search need it self  changing 
( evolv ing) ,  but  in t his ar t icle t he at t ent ion is given t o searches t hat  
com bine bot h of t hese feat ures. ’ ( Bat es 1989)  
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Figure 8:  The Bates ber rypick ing m odel,  w it h an evolv ing search.  
Modif ied from  Bates ( 1989) ,  Figure 2.  
 
Bates (1989)  also emphasizes that  the search is taking place in the context  of a 
‘universe of interest ’,  which is within the larger context  of the ‘universe of 
knowledge’ (Bates 1989) . The behaviour of the searcher is the focus of at tent ion 
in this model, and ‘the cont inuity represented by the line of the arrow is the 
cont inuity of a single hum an being m oving through m any act ions toward a 
general goal of a sat isfactory complet ion of research related to an inform at ion 
need. The changes in direct ion of the arrow illust rate the changes of an evolving 
search as the individual follows up various leads and shifts in thinking’ (Bates 
1989) . 
 
Bates (1989)  lists several searching techniques:  searching for documents 
referenced by a given docum ent , searching for docum ents that  cite a given 
docum ent , browsing system at ically through volumes and issues of a specific 
journal, looking at  materials that  are physically set  in one locat ion, searching by 
subject , and searching by author. Bates refers in her descript ion to m anual 
searches and ment ions informat ion systems only in regard to subject  searches 
through abst ract ing and indexing databases. However, the relevance of her m odel 
to current  technologies is most  significant . I n fact , today inform at ion system s can 
provide a m eans to support  all these techniques;  furtherm ore, an environm ent  
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such as the one that  Bates (1989)  describes—comprised of mult iple informat ion 
sources—is supported by current  technologies that  enable a searcher to m ove 
from  one system  to another. However, m ost  search techniques that  Bates 
discusses are not  considered in this study as ‘searching’;  rather, they are viewed 
as linking or navigat ing. This dist inct ion is discussed further in  Chapter 5.  
 
Acknowledging the part ial role of act ive searching in the knowledge acquisit ion 
process of hum ans (according to Bates (2002) , ‘it  is not  unreasonable to guess 
that  we absorb perhaps 80 percent  of all our knowledge through simply being 
aware, being conscious and sent ient  in our social context  and physical 
environm ent  [ Bates 2002, 3] ) . Bates (2002)  proposes a mat r ix, which describes 
modes of informat ion seeking, as a way to integrate informat ion seeking and 
informat ion searching (Figure 9) . 
 
 
Figure 9:  Modes of  inform at ion seek ing proposed by Bat es.  
Modif ied from  Bates ( 2002) ,  Figure 3.  
 
 
The first  row of the figure ( ‘directed’ modes)  refers to modes in which a person 
seeks informat ion that  he or she can specify, to some extent , while the second 
row ( ‘undirected’ m odes)  refers to modes in which the person exposes him self or 
herself to informat ion in a random manner. The colum ns different iate between 
modes in which a person is act ively looking for informat ion or is just  absorbing 
informat ion in a passive way.  
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As explained in  Chapter 5 of this study, the modes of informat ion seeking 
suggested by Bates (2002)  cohere with informat ion-seeking pract ices of HEP 
researchers. See  Chapter 5 for a detailed discussion of these modes in the 
context  of the HEP community 
 
2 .2 .2 .6  Belk in’s Modes of I nteract ion  
 
Belk in et  al. (1995)  emphasize the interact ive nature of the inform at ion-seeking 
process and join with Bates (1989)  in arguing that  such a process consists of 
mult iple interact ions with an informat ion system and that  ‘people’s concept ions of 
their  inform at ion problem s change through their  interact ions with the I R system ’ 
(Belkin et  al. 1994) . Furtherm ore, each type of informat ion need requires a 
different  kind of interact ion with the inform at ion system .  
 
Belk in et  al. (1995)  go on to describe ‘a mult idimensional space of informat ion-
seeking st rategies ( I SSs) ’ (Belkin et  al. 1995)  that  are the basis of an 
informat ion-seeking behaviour model. An I SS is a specific behaviour employed by 
a person who interacts with a ‘knowledge resource’ (Belkin et  al. 1995)  when 
searching for informat ion. Each such behaviour—or I SS—is derived from  a certain 
context  ( the person’s informat ion-seeking goals and the knowledge that  is 
available to the person before start ing the process, such as a specificat ion of the 
inform at ion needed) . The I SSs const itute interact ions between the person and an 
inform at ion system, and several such interact ions form  an ‘episode’ (Belk in et  al. 
1995) . Furthermore, the searcher’s knowledge and goals evolve through the 
informat ion-seeking episode, changing the specific values of the I SSs.  
 
The Belkin et  al. (1995)  m odel suggests that  ‘any single informat ion-seeking 
interact ion is a complex act ivity, which can be characterized according to its 
values on a relat ively small set  of factors, or dim ensions’ (Belk in et  al. 1995) . 
Four m odes2 of interact ion are proposed:  method of interact ion, goal of 
interact ion, mode of ret r ieval, and resource considered (Figure 10) . 
 
                                          
2
 Alt hough Belk in et  al.  ( 1995)  refer  t o m odes of  int eract ion,  perhaps m ore suit able 
t erm s would be facet s or  dim ensions of  int eract ion.  The or iginal t erm  is used in t his 
chapt er  for  t he sake of consistency w it h Belk in et  al.   
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Figure 10:  Belk in et  al. ’s m odes of int eract ion.  
Modif ied from  Belk in et  al.  ( 1995) .  
 
‘According to our conceptualizat ion’, note Belkin et  al.  (1995) , ‘informat ion-
seeking behavior is characterized by movem ent  from  one st rategy to another 
within the course of a single inform at ion-seeking episode, as a person’s 
problemat ic situat ion changes’ (Belkin et  al. 1995) . They go on to explain that  
‘having I SSs described by, and located in, the kind of space we suggest  gives us 
a means to describe movement  from  I SS to I SS, as well as to describe the 
individual I SSs, and potent ially the m eans to understand such m ovem ent  well 
enough to devise m ethods for support ing it  in a principled fashion. From this point  
of view, we can consider I SSs as types of user interact ions within the I R system, 
rather than as queries or dem ands put  to that  system ’ (Belkin et  al. 1995) . 
 
This model and its applicabilit y to the HEP informat ion-seeking process are 
discussed further in  Chapter 5.  
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2 .2 .2 .7  The I nform at ion- Seeking Process According to 
Marchionini 
 
Marchionini (1995)  points out  that  ‘the informat ion-seeking process is both 
systemat ic and opportunist ic. The degree by which a search exhibits algorithm s, 
heurist ics, and serendipity depends on the st rategic decisions that  the inform at ion 
seeker makes and how the informat ion-seeking factors interact  as the search 
progresses’ (Marchionini 1995, 49) . Marchionini describes the informat ion-seeking 
process as a set  of subprocesses that  a searcher can carry out  linearly;  however, 
the searcher can also move from  one subprocess to others as the inform at ion-
seeking process advances.  
 
A further discussion of the way Marchionini models the informat ion-seeking 
process is provided in  Chapter 5.  
 
2 .3  User Studies 
 
User studies are discussed in this chapter as means to shed light  on the actual 
informat ion-seeking behaviour of researchers in the context  of their work. 
 
Studies focusing on the younger generat ion—primarily m embers of academ ic 
com m unit ies, including high-school students and undergraduates—offer insight  on 
the characterist ics of the researchers of tom orrow (OCLC 2005, 2006, 2007;  
CI BER/ UCL 2008;  Connaway and Dickey 2010) . Studies focusing on scient ific 
communit ies, addressing informat ion-seeking behaviour of researchers, serve to 
elucidate the commonalit ies and the differences between HEP researchers and 
others (RIN 2006;  Hemminger et  al. 2007;  Jamali and Nicholas 2008;  Haines et  
al. 2010) . Earlier studies (Brown 1999;  Murphy 2003)  emphasize the considerable 
change that  has taken place in the inform at ion-seeking behaviour of researchers 
in the last  decade. Markey (2007a, 2007b)  summarizes twenty- five years of end-
user searching and looks at  her findings in the context  of informat ion- ret r ieval 
m odels. Gent il-Beccot  et  al. (2008)  describes the pract ices of the HEP com munity 
as depicted by a survey launched in summer 2007. Findings of these studies are 
described in this sect ion. 
 
 A Model of  Scient ist s’ I nform at ion Seek ing and a User - I nter face Design 
Tam ar  Sadeh 
Page 36 
General studies show that  students are using Web search engines as their 
research tools and point  out  that  the use of the physical library, the library Web 
site, and the informat ion systems offered by the library is negligible when 
compared to the use of Web search engines (OCLC 2005, 2006) . The first  OCLC 
report  (2005)  analyses the results of a survey of m ore than 3,300 respondents 
aged 14 to 65 from  Aust ralia, Canada, I ndia, Singapore, the United Kingdom , and 
the United States. A com panion report , focusing primarily on the percept ions of 
college students at  the undergraduate and postgraduate levels, was published in 
April 2006 (OCLC 2006) . 
 
Only 2%  of the undergraduate and postgraduate students surveyed for the OCLC 
2006 report  stated that  they would begin their search for inform at ion on a 
part icular topic at  the library’s Web site, despite the fact  that  61%  used the 
library Web site at  least  once and 85%  indicated that  they have a ‘favourable 
view’ of the online library. Furthermore, 77%  believed that  library resources 
(online and physical)  are t rustworthy or credible, and 76%  described them as 
accurate (only 23%  described Web search engines as t rustworthy and credible, 
and 24%  considered them accurate) . Most of the students (75% )  agreed that  
librarians add value to the inform at ion-search process.  
 
When the students were asked about  I nternet  tools and services such as Web 
search engines, e-mail, instant  messaging, online news, online bookstores, blogs, 
and RSS feeds, their answers indicated that  many are fam iliar with and use most  
of these tools—prim arily e-m ail,  Web search engines, and instant  m essaging. On 
the other hand, m ore than 50%  of the students replied that  they were not  aware 
of their  library’s e-book collect ion, and only 62%  were certain that  their library 
offers online databases and e- journals. When asked which resource they turn to 
first  when they are looking for inform at ion, 89%  of the students indicated Web 
search engines, 2%  indicated online databases, another 2%  indicated their 
library’s Web site, and the rest  indicated other I nternet  tools and services. The 
students considered Web search engines faster (90% ) , more convenient  (84% ), 
and easier to use (87% )  than the online or physical library.  
 
A later OCLC survey, published in 2007, revealed that  while users had taken even 
more advantage of the Web services such as Web search engines, blogs, and 
online bookstores since the 2005 survey, one Web service actually featured 
decreased usage—the library’s Web site (OCLC 2007) .  
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A study undertaken by the Cent re for I nformat ion Behaviour and the Evaluat ion 
of Research and University College London (commissioned by the Brit ish Library 
and JI SC)  (CI BER/ UCL 2008) , aim ing ‘to ident ify how the specialist  researchers of 
the future, current ly in their school or pre-school years, are likely to access and 
interact  with digital resources in five to ten years’ t ime’ (CI BER/ UCL 2008, 5)  
reveals som e of the informat ion-seeking behaviour pat terns that  will need to be 
addressed by scholarly inform at ion systems. The study states that  ‘in general 
terms, this new form  of informat ion seeking behaviour [ digital informat ion-
seeking behaviour]  can be characterised as being horizontal, bouncing, checking 
and viewing in nature. Users are prom iscuous, diverse and volat ile and it  is clear 
that  these behaviours represent  a serious challenge for t radit ional informat ion 
providers, nurtured in a hardcopy paradigm and, in many respects, st ill t ied to it ’ 
(CI BER/ UCL 2008, 9) .  
 
The study concludes that  the informat ion literacy of young people has not  
improved despite the exposure to technological tools from  an early age. 
Furtherm ore, young people do not  invest  t im e in understanding their  inform at ion 
need or developing search st rategies, and spend lit t le t im e in evaluat ing the 
inform at ion that  they find. The study goes on to suggest  that  ‘it  would be a 
m istake to believe that  it  is only students’ inform at ion seeking that  has been 
fundam entally shaped by m assive digital choice, unbelievable (24/ 7)  access to 
scholarly material, disinterm ediat ion, and hugely powerful and influent ial search 
engines. The sam e has happened to professors, lecturers and pract it ioners. 
Everyone exhibits a bouncing/ flicking behaviour, which sees them  searching 
horizontally rather than vert ically. Power browsing and viewing is the norm  for all’ 
(CI BER/ UCL 2008, 8) . 
 
I n a study that  analyses and synthesizes twelve selected OCLC, RI N, and JI SC 
user-behaviour projects3 from  the United States and the United Kingdom , 
Connaway and Dickey (2010)  describe common findings across all or most  user 
studies. These findings include the following points:  
o Disciplinary-based differences in researcher behaviours exist  and apply to 
both professional researchers and students. 
                                          
3
 The twelve studies include two OCLC repor t s ( 2005,  2006) ,  t he CI BER/ UCL repor t  
( 2008) ,  and t he RI N repor t  ( 2006)  discussed indiv idually  in t his chapt er .   
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o Online access to materials—primarily e- journals—is ext remely important  
and users favour it  over pr int ;  users expect  access to the full text , 
including that  of older materials. 
o Google and other search engines are cent ral to students’ inform at ion 
seeking. 
o Speed and convenience are important  for all users. 
o Users feel confident  in their informat ion literacy skills although these have 
not  necessarily im proved in the recent  decades. 
o Users expect  more funct ionality in library systems and high-quality 
m etadata to help them  search and evaluate content . 
 
Num erous studies have focused recent ly on academ ic researchers and throw light  
on informat ion-seeking behaviour that  is more comparable to that  of the HEP 
community. One such study was commissioned by the Research I nformat ion 
Network (RIN 2006)  with the goal of assessing the way academ ic researchers in 
the United Kingdom  perceive and use discovery services. The survey, in which 
395 academ ic researchers and 55 academ ic librarians part icipated, yielded the 
following informat ion:   
 
o Researchers look primarily for journal art icles. Almost  all researchers 
(99.5% )  rely on journal art icles for their research, and 71%  of them 
indicated journal art icles as the m aterials m ost  important  to them . Other 
m aterial types include m onographs, book chapters, organisat ional Web 
sites, newspapers, histor ical records, conference proceedings, datasets, 
and preprints;  however, none of these was indicated as the most  
important  research material by the majority of the researchers.  
 
o The m ost  com m on search st rategy, reported by alm ost  50%  of the survey 
part icipants, is to start  with a broad search and then refine the init ial 
result  set . Researchers expressed concern about  m issing important  
informat ion;  hence, they are willing to r isk facing irrelevant  results when 
start ing with a broad search. A relat ively small group—17%  of the 
respondents—reported that  they start  with a precise search, and about  a 
third of the respondents alter their st rategy depending on the specific 
search:  when they are conduct ing an exploratory search, they prefer 
scanning long result  lists and ident ify ing items of interest .  
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o The discovery tool ment ioned specifically by the largest  number of people 
is Google, with Google Scholar the second, followed by Web of Science, 
PubMed, and Web of Knowledge (RI N 2006, 29) . Furtherm ore, the report  
states that  ‘there is a sharp fall from the m ost  frequent ly m ent ioned to the 
remainder, and the least -ment ioned from  the top fifty are ment ioned by 
only three people’ (RI N 2006, 20) . 
 
o Researchers m atch the discovery tool to the task at  hand. For exam ple:   • Google is used ‘for a variety of general search tasks, but  not  
significant ly for those that  are cr it ical to research:  in tasks such as 
finding a reference or researching a new area most  users also use 
other tools as well. Locat ing datasets and non- text  sources are 
important  uses of general search engines as they are not  well-
ident ified elsewhere’ (RI N 2006, 29) . • Google Scholar is typically used for known- item  searches. 
Furtherm ore, ‘researchers appear to be using it  for convenience 
rather than rely ing on it  for research in depth’ (RI N 2006, 29) .  • Colleagues are often asked for informat ion about  areas that  are not  
fam iliar to the requester or that  relate to m aterials other than 
art icles and books (e.g., datasets) .  • Bibliographic databases and citat ion databases (Web of Science and 
Web of Knowledge)  are used for researching new areas. 
 
The report  (RI N 2006)  concludes the following:  
Bibliographic databases and Web of Science/ Web of Knowledge are 
used for  t he t hree core act iv it ies of researching a new area,  
l it erat ure rev iew,  and f inding references.  Researchers,  cont rary  t o 
som e hypotheses,  are not  rely ing on general web search for  t hese 
m ission- cr it ical t asks,  but  are using t he general search engines t o 
suppor t  t he other  t ools t hey use.  
 
The m ain uses of all t he m ore general t ools ( such as Google,  other  
form s of general web search and ask ing colleagues)  are for  m ore 
general background inform at ion act iv it ies.  I t  is,  however ,  wor t h 
not ing t hat  t he general t ools are also used t o locate dataset s 
whereas bibl iographic t ools are not .  This suggest s t hat  dataset s 
have not  yet  ent ered t he m ainst ream  as far  as percept ions of how 
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t o locat e t hem  and t hat  m ore focused t ools are not  prov iding t he 
detail t hat  researchers need.  ( RI N 2006,  29)  
 
The RI N study also provides more specific findings about  the percept ions of 
researchers and breaks down results by discipline. However, disciplines are 
defined very generally in the study, and hence findings that  apply to physical 
sciences do not  necessarily apply to high-energy physics. For example, the RI N 
report  does not  ment ion informat ion system s that  are crucial to HEP 
researchers—SPI RES and arXiv—and preprints are indicated as one of the three 
most  important  types of scholarly materials by only 5.1%  of the respondents, 
probably because of the complete lack of or only small number of HEP 
researchers among the 395 survey part icipants. Also, the 29 part icipants in the 
sect ion of the survey that  relates to postdoctoral students represent  all research 
disciplines. Because of the dist inct  nature of the HEP com m unity (discussed in 
 Chapter 3) , the relevance of this part  of the RI N findings to the present  study is 
negligible.  
 
Hem m inger et  al. (2007)  describe a survey that  took place at  the University of 
North Carolina at  Chapel Hill in spring 2005. The survey’s goal was to quant ify the 
t ransit ion to elect ronic scholar ly com m unicat ion and the impact  of this t ransit ion 
on various aspects of informat ion seeking. Of the 902 academ ic researchers who 
part icipated, 34 were researchers in physics or ast ronomy. 
 
The survey analysis shows that  the type of m aterials sought  by researchers 
changed from the types indicated in earlier surveys. Part icipants listed journals, 
Web pages, databases, and personal communicat ion, in that  order, as the types 
of resources that  they use m ost  frequent ly. Preprints were found to be used much 
m ore frequent ly by researchers of basic sciences than by medical researchers. 
The survey indicates that  the search tools that  the researchers use the most  are 
bibliographic and citat ion databases (47% )  and Web search engines (30% )  and 
that  there is a st rong preference for obtaining materials elect ronically and at  no 
cost . Furtherm ore, ‘m any com m ents in the survey indicated a st rong preference 
for a single “m eta”  search tool where the user could enter a single search st r ing 
that  would result  in all content  in all resource collect ions being searched, as 
opposed to manually ident ify ing resource collect ions and individually searching 
them ’ (Hemm inger et  al. 2007, 2214) . 
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Hem m inger et  al. (2007)  point  out  that  ‘as free, Web-based literature databases 
such as Google Scholar cont inue to grow, the dist inct ion between 
bibliographic/ citat ion database and Web search engines is blurr ing’ (Hem m inger 
et  al. 2007, 2210) . This conclusion corresponds with findings described in  Chapter 
3.  
 
Another observat ion from  the University of North Carolina survey that  is relevant  
to the present  study is that  all researchers—regardless of their professional 
experience—‘are increasingly using simple single text  box search interfaces such 
as those provided by search engines like Google’ (Hem m inger et  al. 2007, 2214) .  
 
Haines et  al. (2010)  describe a study of the informat ion-seeking pract ices of basic 
science researchers at  the University of Vermont  College of Medicine, conducted 
in 2008. Nine part icipants from  several basic science disciplines were interviewed 
regarding five m ain topics:  the informat ion sources they use, the search 
techniques they employ, their working environment , the library services they use, 
and library services that  they would consider using.   
 
The survey results include the following:  
o All part icipants expressed a st rong preference for online materials. 
o Most  part icipants reported start ing their searches with either PubMed or 
Google, depending on the nature of their informat ion need. 
o To find inform at ion about  a given topic, researchers look for background 
inform at ion such as review art icles, books, book chapters, and 
presentat ions. Google is ment ioned as a start ing point  by four part icipants. 
o Primary literature is gathered for specific informat ion on a topic;  almost  all 
part icipants use PubMed for locat ing the required materials. 
o Following references and citat ions and asking an expert  were listed as 
methods of finding specific materials. 
o Part icipants use the simplest  query form  available;  only one of them 
m ent ioned using advanced search features. 
o Part icipants use alert  services to keep abreast  of new materials. 
 
I nterviews with m edical researchers conducted by this author (presented at  a City 
University London sem inar in April 2008)  and the author’s in-depth discussions at  
the United States Nat ional Library of Medicine (NLM)  in January 2008 suggest  
that  the role of PubMed for m edical researchers is sim ilar to the role of SPI RES for 
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HEP researchers. I n both cases, the informat ion system includes most , if not  all,  
of the informat ion that  the researchers require—in the form  of m etadata only—
and is freely available to users. Furthermore, both systems are community based 
(PubMed is provided by NLM) , and their user interfaces are the object  of much 
at tent ion by the team s that  m anage them. However, the HEP community and the 
community of medical researchers and pract it ioners differ considerably. Further 
discussion about  the special characterist ics of the HEP community and the way in 
which it  differs from  other communit ies is provided in  Chapter 7. 
 
From  the descript ions that  the part icipants in the University of Vermont  survey 
gave of their search processes, ‘it  becam e clear that  searching bibliographic 
databases was a sm all part  of conduct ing a literature review, a finding sim ilar to 
behaviors described by early m odels of online search behavior ’ (Haines et  al. 
2010, 77)  and that  researchers are likely to interact  with colleagues in the 
inst itut ion and elsewhere to find the informat ion they need. Furtherm ore, the 
authors of the study conclude that  ‘basic science researchers valued and relied 
heavily on their com m unity and desired even m ore collegiality ’ (78) . 
 
Because the ult im ate goal of the University of Verm ont  study was to support  the 
design of a suite of library services that  would bet ter meet  the needs of the 
library’s users, m ost  of the other conclusions of the study relate to the role of the 
library and are therefore not  discussed here.  
 
I n 2006, a study at  University College London (UCL)  exam ined the inform at ion-
seeking behaviour of 114 scholars—students and faculty—in the Departm ent  of 
Physics and Ast ronomy (Jamali and Nicholas 2008) . The study focused 
part icularly on the scholars’ pract ices for keeping up to date and for finding 
art icles, as well as on the influence of academ ic status and int radisciplinary 
dissim ilar it ies on the surveyed researchers’ behaviour.  
 
I n the int roduct ion to the report , the authors comment  that  physicists are 
‘renowned for their informat ion prowess’ (Jamali and Nicholas 2008, 445) ;  the 
authors also pay t r ibute to the com m unity for having ‘played a significant  role in 
scholarly communicat ion and publishing, especially in areas such as e-print  
culture and elect ronic publishing’ (Jamali and Nicholas 2008, 445)  and for being 
t rendset ters in the area of scholar ly com m unicat ion. Physicists and ast ronom ers 
were selected as the subjects of the survey because the authors acknowledge the 
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importance of efficient  inform at ion system s to the com m unity’s research 
capabilit ies.  
 
Findings of the research show that  ‘the majority of respondents believed that  it  
was important  for them  to keep up with the developments of their subfields’ 
(Jamali and Nicholas 2008, 448)  and that they use various tools for keeping 
abreast , pr imarily personal communicat ion, e-mail alerts, and lists of new 
subm issions. Older researchers are more likely to rely on personal 
communicat ion, while younger ones tend to rely on e-print  archive services, with 
HEP researchers using these services more extensively than m em bers of other 
groups.  
 
For searching, the survey part icipants reported using various methods and 
informat ion systems, with searching in Google the most  popular method used on 
a daily basis (18% ) , followed by searching in subject  databases (11% ) , browsing 
or searching on journal Web sites (9% ) , and looking up references provided in 
art icles (8% ) . However, when asked about  how they found the art icle that  they 
had read most  recent ly, the researchers gave responses that  paint  a different  
picture:  35%  reported finding the most  recent ly read art icle through 
recommendat ions from  colleagues;  20%  followed a reference t rail;  13%  searched 
in a database;  10%  searched in Google;  and 5%  browsed through e- journals 
tables of contents.  
 
Jam ali and Nicholas (2008)  reach the following conclusions:  
Physicist s in HEP relied m ost ly  on searches in subj ect  dat abases 
( arXiv .org)  for  ident ify ing ar t icles t hey read.  The second m ost  used 
m et hod was searching in Google.  The fact  t hat  Google was t he 
second used m eans by which ar t icles were found in t he f ield of  HEP 
m ight  be because of high availabilit y  of open access m ater ial in HEP 
that  m akes every t hing searchable by  general search engines such 
as Google.  I n order  t o keep up- t o- date w it h t he developm ents in 
HEP they m ainly  depended on browsing e- pr int  archives,  word of 
m out h and m eet ings.  ( Jam ali and Nicholas 2008,  460)  
 
A survey of HEP researchers conducted in 2007 (Gent il-Beccot  et  al. 2008)  and 
the author’s interviews with HEP researchers (see  Chapter 3)  show that  HEP 
researchers search in SPI RES and not  in arXiv, as Jamali and Nicholas assert . 
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Furtherm ore, because these authors do not  refer to findings related to SPI RES 
(even though there is a reference to ‘one of the, apparent ly, m ost  efficient  
informat ion systems’ [ Jamali and Nicholas 2008, 445]  without  giving it  a name) , 
it  appears that  they do not  fully grasp the difference between arXiv and SPI RES. 
The blurred dist inct ion between Web search engines and bibliographic and citat ion 
databases noted by Hemminger et  al. (2007)  m ay have also influenced the 
responses of the survey part icipants and the interpretat ion of these responses.  
 
The survey that  is the focus of the present  study took place early in the summer 
of 2007 (Gent il-Beccot  et  al. 2008) . Over 2,100 responses from  HEP researchers 
were analysed first  by the team of HEP informat ion specialists who conducted the 
survey and then by the author of the present  study. The survey and results are 
described in detail in  Chapter 3.  
 
Several other user studies that  focus on researchers were exam ined for the 
present  research. However, because of the rapid change in the informat ion-
seeking behaviour of scholars, some of their findings ( from  the 1980s, the 1990s, 
and the beginning of the twenty- first  century)  are not  necessarily indicat ive of the 
situat ion today.  
 
The first  of these studies was conducted in 1998 (Brown 1999)  with the aim  of 
exam ining the informat ion-seeking behaviour of scient ists at  the University of 
Oklahoma and the way in which they were responding to changing scholar ly 
communicat ion pract ices such as the provision of m aterials in elect ronic form . The 
responses of 49 faculty members in three disciplines—biochem ist ry, mathemat ics, 
and physics/ ast ronomy—revealed the following pract ices:   
o All three groups of scient ists listed textbooks and, in second place, 
m onographs, as the tools they use for teaching. Physicists also listed 
journals and preprints, in that  order. 
o Physicists listed journals, preprints, m onographs, conference proceedings, 
and textbooks, in that  order, as the tools they use to support  their  
research act ivit ies. These findings are sim ilar to those of the other two 
groups of scient ists.   
o The three members of the HEP community that  took part  in the survey 
indicated the use of arXiv and SPI RES as sources for informat ion.  
o Almost  all the part icipants reported using the references at  the end of 
art icles to find previously published informat ion.  
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o Fewer than 50%  of the respondents used elect ronic subscript ion journals, 
and about  two- thirds indicated print  journals as their preference;  about  a 
quarter preferred the elect ronic version, and the rest  indicated both print  
and elect ronic forms as their preference (but  added ‘pr intabilit y ’ as an 
im portant  feature of elect ronic journals) .  
 
These findings from  the 1998 survey, and specifically the preference for obtaining 
materials in a print  format , highlight  the drast ic changes that  have occurred in 
the last  decade, as evident  from  later surveys. 
 
A study of the informat ion-seeking behaviour of scient ists engaged in 
interdisciplinary research is described by Murphy (2003) . The study took place at  
the United States Environmental Protect ion Agency cam pus in Research Triangle 
Park, North Carolina. Of the 149 part icipants, whose areas of specializat ion cover 
a broad range of subjects, approximately 89%  indicated at  least  two subject  
areas with which they need to be fam iliar for their research. While 
interdisciplinary scient ists share certain informat ion-seeking pract ices with other 
com m unit ies—for example, reliance on personal networks for inform at ion 
gathering—the locat ing and understanding of relevant  materials present  
challenges that  are unique to interdisciplinary researchers, such as the need to be 
fam iliar with area-specific inform at ion resources, jargon, and the context  in which 
research has been done in two or more fields. As a result , the m ajority (85% )  
indicated that  keeping up with literature is challenging and that  they need to 
invest  t im e after work hours and obtain assistance from  others to keep abreast  of 
new developm ents in their fields. 
 
I n Markey’s (2007a, 2007b)  two-part  series of art icles, ‘Twenty- five years of end-
user searching’, she first  exam ines literature describing intervent ion- free studies 
of users’ searches ( that  is, studies based on analyses of search log files) ;  the 
second art icle in the series looks at  the research findings in the context  of 
informat ion- ret r ieval m odels.  
 
Because Markey’s review spans 25 years of studies, some of which relate to 
system s that  disappeared years ago, the findings should be viewed with som e 
caut ion. Nevertheless, som e of the findings are noteworthy:  
o Users enter short  queries—one or two words—when searching in library 
catalogues, and two to three words when searching with Web search 
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engines. The longest  queries—four to eight  words—were ‘request -  and 
quest ion- form at  queries sent  to Web search engines’ (Markey 2007a, 
1073) .  
o The use of Boolean operators is rare ( less than 20% ) . Fewer than 15%  of 
the searches include the operator AND, fewer than 3%  use the operator 
OR, and fewer than 2%  use the operator NOT. 
o Advanced search opt ions in addit ion to Boolean operators are used even 
m ore rarely than the lat ter. Fewer than 15%  of the searches include 
phrases enclosed in quotat ion m arks, fewer than 5%  include t runcat ion 
symbols, and nested Boolean logic is ‘uncom m on’ (Markey 2007a, 1077) . 
o Most  users are happy with the default  values of the informat ion systems 
and do not  change them. 
o Very few users scan m ore than two pages of results. 
 
I n the second art icle of the series, Markey (2007b)  looks at  her findings in the 
context  of three specific informat ion- ret r ieval models that  ‘recognize that  
informat ion ret r ieval is not  a one-stop event—people search repeatedly for the 
same topic of interest  and their searches involve changes in cognit ion, feelings, 
and/ or events of the inform at ion seeking process’ (Markey 2007b, 1123) .  
 
The first  m odel discussed by Markey is the berrypicking model proposed by Bates 
(1989)  ( for more informat ion, see  2.2.2.5) . I n Markey’s words, the Bates model 
acknowledges that  ‘ret r ieval is not  a direct  route from  inform at ion need to final 
ret r ieved set . I nstead, the search changes direct ion, pauses, and m eanders as 
the user reads ret r ieved documents, follows up on leads, and responds to shifts in 
thinking. New informat ion gives informat ion seekers new ideas, new direct ions to 
pursue, and a new concept ion of their inform at ion needs’ (Markey 2007b, 1123) .  
 
The second m odel is Kuhlthau’s (1991)  ( for m ore inform at ion, see  2.2.2.4)  
informat ion search process model, which breaks the informat ion seeking process 
into stages and describes the way informat ion seekers m ove from  one stage to 
another. As Markey (2007b)  points out , ‘when users are engaged in an extensive 
inquiry project , their thoughts evolve from  vague and unclear to focused and 
personalized;  their act ions change from  general and exploratory to specific and 
com prehensive;  and their feelings em erge from  uncertain and hesitant  to 
interested and directed’ (Markey 2007b, 1123) .  
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Markey goes on to exam ine a third model, the mult iple informat ion seeking 
episodes model presented by Line and Belkin in 2000 ( for m ore inform at ion, see 
 2.2.2.6) , which ‘explains why people search repeatedly for the same informat ion 
need across mult iple episodes’ (Markey 2007b, 1124) . According to Markey 
(2007b) , this model describes the inform at ion seeking process through an 
inform at ion need that  changes, evolves, or even is replaced by another need 
during the process, causing corresponding changes in user behaviour.  
 
Markey (2007b)  focuses on the informat ion-seeking process that  involves 
repeated searches and raises quest ions about  the changes in user searches 
during the process and the way in which informat ion systems support  repeated 
searches. She notes that  ‘although answers to these research quest ions will be of 
interest  to IR researchers, their value to system designers should be param ount . 
I f there are stark differences between end-users’ init ial and subsequent  searches, 
system  designers should take not ice because it  may be an opportunity for them  
to m ake their system s m ore adapt ive to user needs’ (Markey 2007b, 1125) . 
 
Taking the sim plist ic approach adopted by users as a given, Markey (2007b)  
discusses system features that  could help users locate the m ost  relevant  
materials. She points out  that  the major reason for failed searches is the init ial 
choice of query terms:  users typically start  with broad and often inaccurate 
concepts and then tend to narrow down the results by using more specific terms 
or by employing ‘a variety of flip- flopping4 pat terns’ (Markey 2007b, 1125) . One 
way, then, of helping users is by providing them  with search suggest ions based 
on an inspect ion of their queries. However, Markey (2007b)  explains, ‘what  
inform at ion system s report  back to users should m ake for easy reviewing and 
instantaneous recognit ion of relevant  possibilit ies.…Much experimentat ion is 
needed to determ ine when users want  intervent ion, the types of intervent ion they 
will tolerate, and their preferred report ing formats’ (Markey 2007b, 1126) . The 
Bates model, describing three levels of search act ivit ies (m oves, tact ics, and 
                                          
4
 Markey def ines f l ip- f lopping as ‘follow ing up an init ial broad- based concept  w it h a 
specif ic t erm ,  f l ipping back t o a broad- based concept ,  f lopping t o a specif ic t erm ,  
adding a new term  t o express a nar rower  concept  or  an ent irely  new concept ,  and so 
on’ ( Markey 2007a,  1125)   
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st ratagem s)  is suggested by Markey as a start ing point  for considering system  
intervent ion.  
 
Nevertheless, Markey (2007b)  states:  
I  have com e to believe t hat  m ak ing online I R system s m ore 
com plicat ed wit h addit ional funct ionalit y ,  f requent  and unant icipated 
inter rupt ions in t he form  of direct  system  intervent ion,  and det ailed 
inst ruct ions and t utor ials in syst em  use,  is not  t he r ight  way t o 
proceed. . . .Let  us use what  we learn f rom  these observat ions t o 
build future syst em s t hat  cover t ly  t each and adv ise at  t he sam e 
t im e t heir  users conduct  business. ’ ( Markey 2007b,  1128)   
 
Addressing future research, Markey concludes with a statement  that  is relevant  to 
the present  study:  
Finally ,  I  inv it e I R syst em  designers t o put  fut ure research f indings 
t o work by building syst em s that  are sensit ive t o t he progress users 
are m aking in t heir  ongoing searches,  intervene w it h com plex 
search feat ures t hat  are likely  t o solve user  problem s,  and m onit or  
users t o det erm ine whet her  t hese com plex features help t hem  
achieve t heir  goals.  ( Markey 2007b,  1129)  
 
Markey’s findings regarding the queries that  users formulate are supported by 
research that  was conducted as part  of the init ial research for the present  study. 
Before focusing on the HEP community, the author exam ined searches logged in 
two informat ion systems and presented her findings at  City University London in 
April 2008. The two systems that  were monitored were the journal search 
provided on the Web site of the I nst itute of Physics ( I OP)  and SearchHUB, the 
metasearch5 system  of Cranfield University, both facilitat ing searches for 
scholarly publicat ions.  
 
The analysis of an I OP log file created during November 2006 shows that  scholars 
are drawn to simplicity:  users of the I OP Elect ronic Journals search service tend 
                                          
5
 Metasearching ( also refer red t o as integrat ed searching,  sim ult aneous searching,  
cross- dat abase searching,  and federat ed searching)  refers t o a process in which a user  
subm it s a single query  t o heterogeneous inform at ion system s. The m etasearch system  
facil it at es t he int eract ion w it h t he user ,  broadcast s t he user ’s query  t o each 
inform at ion syst em , and ret urns t he result s t o t he user .  
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to subm it  simple queries, almost  always consist ing of one word or one phrase 
(91%  of the logged queries) . Very rarely do the users add the t runcat ion symbol 
(2%  of queries) . Furtherm ore, although the I OP site added a clustered search 
feature that  can help users to focus on the relevant  results when scanning long 
result  lists, only 0.2%  of the searchers in the sample took advantage of this new 
feature, and even fewer were curious to find out  what  it  is. 
 
The query log from  February 2007 suggests that  scholars at  Cranfield University 
tend to use the search interface of SearchHub as is, relying on the default  search 
opt ions or changing them only to a small degree. The queries themselves are 
sim ple and short , consist ing of a mean of 2.67 words. The users do not  tend to 
take advantage of advanced search features such as wildcards or Boolean 
operators other than AND. When users conduct  a search in specific metadata 
fields, they usually look at  the t it le, but  they often look at  the author and subject  
fields as well.  Users select  the date of publicat ion only in conjunct ion with another 
search term, such as author nam e, and do not  search in I SSN or I SBN metadata 
fields at  all.  
  
2 .4  User- I nterface Design 
 
Although many aspects of user interface are crucial to the design of a new user 
interface for a scholarly informat ion system, it  is believed that  one of the 
fundamental challenges of today’s informat ion systems relates to their abilit y to 
help users sort  out  long result  lists. Literature that  addresses the ‘findabilit y ’ of 
items, in general, and part icular ly the post -search processing of result  lists, is 
reviewed in this sect ion.  
 
Morville (2005)  defines the term  findability  as follows:  
a.  The qualit y  of being locatable or  nav igable.  
b.  The degree t o which a par t icular  obj ect  is easy t o discover  or  
locat e.  
c.  The degree t o which a syst em  or  env ironm ent  suppor t s 
nav igat ion and ret r ieval.  ( Morv il le 2005,  4)   
 
Current  scholarly systems, as well as popular search engines, present  search 
results in a one-dimensional list ,  regardless of the number of items in the list .  
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However, with the huge amount  of data that  is available today (which is growing 
exponent ially)  and the indifference shown by typical users toward the phrasing of 
their search queries (Hemminger et  al. 2007, Markey 2007b, and CI BER/ UCL 
2008, among others) , many searches in the scholarly environment  generate a 
large number of results, thus decreasing the findabilit y of items that  are not  at  
the top of the list . A purely linear presentat ion of so m any results is inadequate, 
despite the use of sophist icated relevance- ranking algorithms to prior it ize the 
result  list .  When applied to scholarly materials, these algorithms are quest ionable 
in that  they lack the context  in which the query was defined and hence cannot  
assist  the system in tailor ing the presentat ion of the results to the specific 
person’s needs. A further problem  is that  relevance- ranking algorithms alone 
cannot  br idge the gap between a user’s intended query and the way in which the 
user phrases it .   
 
To increase the findabilit y of specific items buried in the list , the proposed 
informat ion system should employ various methods, as suggested later in this 
study (  Chapter 6) . For exam ple, the system can analyse the results and then 
suggest  that  the user search the whole collect ion again for one of the topics 
associated with the result  list . I f a search yields a large number of results, the 
system can enable the user to drill down to subsets of the result  list  ( for more 
informat ion, see  Chapter 6) .  
 
What  these opt ions have in common is the idea that  the result  list  it self is a tool 
that  can be exploited. One of the ways in which the system can exploit  the list  is 
by analysing it  and present ing it  as a mult idimensional st ructure that  corresponds 
to com m on m ethods of classifying informat ion;  users can then exam ine the list  
from  various angles, gaining a bet ter understanding of its content  and its 
relevance to their query.   
 
I n his discussion, Morville (2005)  explains that  classificat ion coheres with the way 
in which people perceive informat ion:  
We classify  t o understand….I n a form al t axonom y…proper t ies f low 
from  class t o subclass t hrough t he pr inciple of inher it ance.  Each 
obj ect  and cat egory  is assigned a single locat ion w it hin t he 
t axonom y. We live at  an address wit hin a nest ed hierarchy of 
st reet s,  cit ies,  st at es,  and count r ies.  We ex ist  as Hom o sapiens 
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within t he t axa of dom ain,  k ingdom , phy lum , subphy lum , class,  
order ,  fam ily ,  genus,  and species.  ( Morv ille 2005,  7)   
 
Furthermore, argues Morville, classificat ion provides the flexibilit y that  helps 
searchers grasp the r ich and com plex nature of the informat ion that  is now 
available to them;  and the disengagement  of library objects from  their physical 
locat ion enables systems to arrange elements in more than one way. Morville 
(2005)  cont inues:    
Of course,  t he wor ld doesn’t  always cooperat e w it h t his Plat onic 
approach t o classif icat ion.  Fish w it h lungs….Words wit h m any 
m eanings.  Meanings w it h m any words.  Realit y  confounds m utually  
exclusive classif icat ions,  and so we f ind ourselves debat ing which 
ex ist ing cat egory  works best  or  def ining new categor ies t o allow a 
per fect  f it… 
 
We em brace facet ed classif icat ion…using m ult iple f ields or  “ facet s”  
t o descr ibe t he obj ect s w it hin our  collect ions.  First  def ined in t he 
1930s by I ndian librar ian S.  R.  Ranganathan,  facet ed classif icat ions 
have f lour ished in digit al dom ains,  where obj ect s can ex ist  
sim ult aneously  in m any locat ions.  ( Morv il le 2005,  127- 8)   
 
I n their  int roduct ion to the evaluat ion of the way inform at ion system s provide 
innovat ive searching opt ions, Wilson et  al. (2009)  point  out  that  keyword 
search—the ‘Google- like’ search—has becom e the standard for new inform at ion 
system s. This kind of searching does not  provide good tools for users when their 
goals are not  well defined, when their requests for informat ion are complex, and 
when their knowledge of the subject  mat ter is inadequate. Faceted browsing and 
clustering, described in  Chapter 6, are two technologies that  are being added to 
informat ion systems to help users ‘filter and navigate through informat ion using 
recognit ion rather than recall’ (Wilson et  al.  2009) .  
 
Wilson et  al. (2009)  propose using a com binat ion of informat ion-seeking models 
for building an evaluat ion fram ework, aim ing to quant ify the st rengths and 
weaknesses of the design of three systems. Their findings, presented as 
recom m endat ions for user- interface design, include the following:  
o Maintain keyword search.  
o Enable users to change select ions and make mult iple select ions of facets. 
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o Show the hierarchy of the select ions made, to describe the current  
context .  
o Show the results along with the select ions. 
o Provide sort ing and filter ing opt ions ( ‘The sort ing and filter ing of lists is an 
important  part  [ of]  finding and organising data. The abilit y for the user to 
arrange data and results so that  they can effect ively find the inform at ion 
they want  supports a num ber of key tact ics’ [ Wilson et  al. 2009] ) . 
o Facilitate inform at ion gathering. 
o Provide init ial display (preview)  of results to help users make decisions at  
an early stage. 
 
These recom m endat ions were taken into account  for the user interface described 
in  Chapter 6 of this thesis.  
 
Hearst  (2006)  discusses faceted browsing and cluster ing as ways for an 
informat ion system to group results meaningfully ‘in order to help make sense of 
the results, and to help decide what  to do next ’ (Hearst  2006, 59) . Hearst  
explains the differences between these two technologies and provides evidence of 
the change in users’ behaviour once grouping mechanisms became available to 
them . 
 
Hagedorn et  al. (2007)  suggest  a way to combine the easy searching of Web 
search engines with the r ich and m ult ifaceted st ructure of scholarly data to create 
a simple interface to complex online informat ion systems. Their paper describes a 
joint  project  of the University of Michigan and the University of California, I rvine. 
The project  team built  a mechanism for generat ing clusters from  m etadata 
records (or iginat ing from various OAI ster6 databases)  and labelling the clusters. 
The labels were matched against  a classificat ion system. The team  then created a 
prototype user interface to the corpus of data, deploying a clustering m echanism. 
Cluster labels were used for both providing browsing funct ionality and narrowing 
down search results. Findings show that  ‘the real power of including new subject  
terms [ cluster labels]  was on the search results page’ (Hagedorn et  al. 2007) , 
                                          
6
 OAI st er  is a union catalogue of digit al resources.  Metadata records in OAI ster  are 
harvested from  m ult iple digit al inform at ion system s v ia t he Open Archives I nit iat ive 
Protocol for  Metadata Harvest ing ( OAI - PMH) .  
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and the general outcome is described as an improvement  of the findabilit y of 
relevant  materials.  
 
Kaki (2005)  describes a study that  explored how faceted categorizat ion is used in 
real set t ings (as opposed to an earlier study that  was a cont rolled experiment )  
and how beneficial it  is to users. A Web-based search interface called Findex was 
provided to 16 users for two m onths, for any use that  the users had in m ind. The 
findings of this study show that  in 25%  of their  searches, users took advantage of 
the categories displayed alongside the result  lists to find relevant  results. On 
average, 2.3 categories were selected per search process. Part icipants reported 
that  the categories were most  useful when queries were general, broad, or vague, 
such as those that  characterize exploratory searches;  the ranking algorithm  failed 
to display the required items at  the top of the list , but  the categories helped users 
find results nevertheless. Evidence also shows that  the use of categories 
facilitated the select ion of mult iple results, once again assist ing users in 
exploratory searches more successfully than the sort ing order of the result  list .   
 
2 .5  Personas 
 Chapter 4 discusses the creat ion of personas to be used in the evaluat ion of an 
informat ion-seeking model and a user- interface design proposed in  Chapter 5 and 
 Chapter 6, respect ively. Personas com e from  the field of user- interface design. 
I nt roduced by Alan Cooper (1999)  as part  of his goal-directed design 
methodology, a persona is described by Blom kvist  (2002)  as ‘a m odel of a user 
that  focuses on the individual’s goals when using an artefact ’ (Blom kvist  2002, 1) . 
The use of personas was adopted by user- interface designers in the late 1990s 
and later exam ined in both academ ic and commercial environments (Blomkvist  
2002;  Perfet t i 2002;  Randolph 2004;  Dant in 2005) . Research suggests that  the 
process of using personas ‘helped int roduce clar ity and a form  of accountable 
reasoning into the UI  evaluat ion process’ (Dant in 2005, 7) . Blom kvist  (2002)  
discusses the creat ion of personas and proposes the use of a set  of guidelines;  
these guidelines, along with those suggested and described in detail by Mulder 
(2006) , were implemented in this work.  
 
A more detailed discussion of research surrounding the use of personas and their 
applicabilit y to this study is provided in  Chapter 4.  
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2 .6  I nform at ion System s and Scholar ly 
Com m unicat ion in the High- Energy Physics 
Com m unity 
 
The high-energy physics (HEP)  community has a long t radit ion of innovat ion in 
providing means for researchers to access scient ific informat ion, publish their 
work, and take part  in community-based init iat ives. HEP init iat ives have been 
discussed in the literature since the establishment  of the SPI RES suite of HEP 
databases in the 1960s (described by Addis 2002) . The creat ion of arXiv in 1991 
was described in a ret rospect ive art icle by the arXiv’s founder, Paul Ginsparg 
(2008) . 
 
HEP informat ion specialists employed by Cornell University and by the major HEP 
cent res—the European Organizat ion for Nuclear Research (CERN) , the Stanford 
Linear Accelerator Center (SLAC) , Deutsches Elekt ronen-Synchrot ron (DESY) , and 
the Nat ional Accelerator Laboratory (Ferm ilab)—dedicate their t im e to 
maintaining and improving the HEP informat ion systems, primarily SPI RES and 
arXiv, as is evident  in the informat ion specialists’ publicat ions (Kreitz and Brooks 
2003) . I nform at ion about  the content  of the inform at ion system s and about  new 
developments is published occasionally by the host ing inst itut ions (Cornell 
University Library 2008;  DESY 2008;  CERN 2010)  and on the Web sites of the 
inform at ion system s (arXiv, ht tp: / / arxiv.org/ Stats/ hcam onthly.htm l;  I NSPI RE, 
ht tp: / / www.projecthepinspire.net / ) .  
 
I n her review of scholar ly com m unicat ion of the HEP com m unity, init ially 
published in 1965, Goldschm idt -Clerm ont  (2002)  examines the com m unicat ion 
pat terns of the HEP researchers and the techniques that  were developed by the 
community to address the informat ion needs of these researchers. Robbins 
(2007)  reviews SPI RES ( ‘the Mainstay of High-Energy Physics’, as indicated in the 
review t it le)  and the pract ices involved in maintaining it .  Jamali and Nicholas 
(2008) , as ment ioned earlier, address the HEP community’s informat ion-seeking 
behaviour.  
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Theoret ical discussions of HEP scholarly com municat ions are described by Aym ar 
(2008) , Heuer et  al. (2008) , Gent il-Beccot  et  al. (2008) , and Jamali and Nicholas 
(2008) . Gent il-Beccot  et  al. (2008)  also present  the init ial results of a survey that  
the inform at ion specialists from HEP inst itut ions conducted in 2007.  
 
A more detailed discussion of HEP-related literature and the way it  relates to this 
research is provided in  Chapter 3. 
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Chapter 3   I nform at ion- Seeking 
Behaviour in the High- Energy Physics 
Com m unity 
3 .1  I nt roduct ion 
The high-energy physics (HEP)  community has a long t radit ion of innovat ion in 
providing means for researchers to access scient ific informat ion, publish their 
work, and take part  in community-based init iat ives. The main informat ion 
systems used by the community are the SPI RES suite of HEP databases and the 
arXiv e-print  service in physics and other fields of science. Both resources offer 
innovat ive services and are free, in the spir it  of the com m unity’s support  for open 
access to knowledge. According to the approximately 2,100 responses to a survey 
that  informat ion specialists from  HEP inst itut ions conducted in 2007, the great  
major ity of the community members (88% )  use SPI RES, arXiv, or both as their 
pr imary informat ion system (Gent il-Beccot  et  al. 2008) . This chapter describes 
the informat ion-seeking behaviour of the HEP community as inferred from 
published results of the informat ion specialists’ survey, conclusions from  the 
author’s analysis of the survey responses, and the author’s interviews with HEP 
researchers. 
 
September 2008 saw a flurry of at tent ion focused on high-energy physics (also 
referred to as part icle physics) , when the Large Hadron Collider (LHC)  was started 
up at  CERN, the European Organizat ion for Nuclear Research. The launch of the 
new experiment  was the culm inat ion of an intense collaborat ive effort  of tens of 
thousands of high-energy physics scient ists from  all over the world. According to 
the LHC project  leader, Lyn Evans, the project  aim s to usher in ‘a new era of 
understanding about  the origins and evolut ion of the universe’ (CERN 2008) . This 
unparalleled internat ional scient ific project  sheds some light  on the special nature 
of the community of HEP researchers, part icularly the informat ion systems on 
which the community members rely and the informat ion-seeking behaviour that  
they have developed for conduct ing their research.  
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Besides the high level of their scient ific expert ise, HEP scient ists are characterized 
by a st rong sense of com m unity affiliat ion and willingness to cont r ibute their  
t ime, knowledge, and skill to community-based init iat ives (Kreitz and Brooks 
2003;  Robbins 2007;  Gent il-Beccot  et  al. 2008) . Decades before the term s Web 
2.0 and social networks were coined and even before the World Wide Web as 
such was invented at  CERN by Tim  Berners-Lee, HEP researchers’ need to 
efficient ly carry out  projects that  had a rapid turnaround and that  involved a large 
number of part icipants across the globe led them to develop new publishing and 
sharing pract ices and establish several informat ion systems. The relat ively 
modest  size of the HEP com m unity—about 20,000 people around the world 
(Gent il-Beccot  et  al. 2008)—and the fact  that  m any researchers collaborate on 
projects that  are based in just  a few regions undoubtedly cont r ibute to the 
m em bers’ st rong sense of ownership regarding the quality and innovat ion of the 
inform at ion system s. 
3 .2  HEP Com m unity- Based I nform at ion System s  
The two major informat ion system s that  serve as the backbone of research for 
the HEP community are the SPI RES suite of HEP databases and the arXiv e-print  
service in physics and other fields of science.  
 
The SPI RES suite was started in the 1960s at  the Stanford Linear Accelerator 
Center (SLAC) , was computerized in 1974 by teams from  SLAC and Deutsches 
Elekt ronen-Synchrot ron (DESY) , and is today a joint  project  of SLAC, DESY, and 
the Nat ional Accelerator Laboratory (Ferm ilab)  (Addis 2002) . For more than three 
decades, SPI RES has been providing access to the literature, people, inst itut ions, 
research, and experiments in the fields of part icle and ast ropart icle physics. The 
first  service in the United States to implem ent  a Web server, SPI RES ‘has helped 
lead the t ransit ion from  a totally pr int -based system to an almost  totally 
elect ronic-based system. I n the process, it  has expanded to provide worldwide 
subject -specialized access not  only to the field’s journal lit erature (as do database 
vendors) , but  to a wider set  of informat ion objects comprising a significant  
amount  of the intellectual “ecology”  of the field’ (Kreitz and Brooks 2003, 6) . 
Operated as a community-based resource, SPIRES ‘is not  an effort  that  is 
part icularly well- funded. I n fact , it  operates only through a careful use of every 
(autom ated, cost - lowering)  software program  it  can implement , a judicious use of 
hands-on intellectual oversight  and cataloging, an aggressive com m itm ent  to 
collaborat ive and consort ial informat ion sharing, and—most  radically and 
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uniquely—the volunteer efforts of many of our users’ (Kreitz and Brooks 2003, 6) . 
I n recent  years, the overuse of ad hoc labour-saving devices has led SPI RES to 
software paralysis, a situat ion that  drove HEP informat ion scient ists at  CERN, 
SLAC, DESY, and Ferm ilab to choose the CDS Invenio digital library technology 
developed at  CERN as their new technological infrast ructure. The development  of 
a new service, called I NSPI RE, was already under way in 2008 (DESY 2008) , and 
in March 2010, HEP com m unity mem bers began test ing it  (CERN 2010) .   
 
The arXiv e-print  repository, another example of a community-based init iat ive 
that  predates the Web, was established at  the Los Alamos Nat ional Laboratory in 
1991 by Paul Ginsparg, whose aim  was to create ‘a cent ralized automated 
repository and alert ing system , which would send full texts only on dem and. That  
solut ion would also democrat ize the exchange of informat ion, levelling the 
aforement ioned research playing field, both internally within inst itut ions and 
globally for all with network access’ (Ginsparg 2008) . I n 2001, Ginsparg joined 
the faculty of Cornell University, taking arXiv with him , and since then, the 
repository has been owned and run by Cornell University. I n October 2010, the 
repository had over 630,000 post ings of research art icles in physics, 
mathemat ics, stat ist ics, computer science, and quant itat ive biology, all published 
online. Figures published on the arXiv site indicate that  although arXiv was 
init ially created for HEP literature and is extensively used by HEP researchers, the 
arXiv m odel proved to be beneficial for other disciplines (Figure 11) . At  the end of 
Decem ber 2009, only 23.5%  of the subm issions in arXiv were HEP m aterials and 
the subm ission rate of the HEP community was 14.1%  of the total subm ission 
rate (arXiv, ht tp: / / arxiv.org/ Stats/ hcam onthly.htm l) .  
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Figure 11:  Average m ont hly  subm ission rat e t o arXiv ,  by  discipline,  1990- 2009.  
HEP subm issions are indicat ed in blue.  Source:  ht t p: / / arx iv .org/ Stat s/ hcam onthly .ht m l.  
 
Researchers upload their own art icles to arXiv, along with st ructured metadata, 
and after some screening by volunteer moderators, the art icles are made freely 
available to researchers, typically within a day. I n this manner, the community 
gains access to the preprint7 version of an art icle before the art icle is published in 
peer- reviewed journals, result ing in ‘immediacy of dissem inat ion without  barr iers’ 
(Aym ar 2008) . Later, authors can subm it  revised versions of the preprint  and 
even the post -peer- reviewed, author- format ted version of the art icle. I n October 
2008, Cornell Universit y Library reported that  ‘more than 200,000 art icles are 
downloaded from  arXiv each week by about  400,000 users, and its 118,000 
registered subm it ters live in nearly 200 count r ies’ (Cornell University Library 
2008) . 
                                          
7
 Prepr int s are def ined as ‘near - pr int ed copies of m anuscr ipt s subm it t ed for  publicat ion 
in j ournals.  They are t em porary  docum ents whose funct ion is t o br idge t he t im e- gap 
creat ed by publicat ion delays’ ( Goldschm idt - Clerm ont  2002) .  
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The results of a survey that  took place in early in the summer of 2007 (Gent il-
Beccot  et  al. 2008)  and interviews that  the author conducted with HEP scient ists 
clear ly show the huge importance that  HEP researchers at t r ibute to SPI RES and 
arXiv and their pr ide in these resources. As noted by the team  of inform at ion 
specialists ( from  HEP inst itut ions)  that  conducted the survey, even the 
overwhelm ing response to the survey—about  10%  of the community members—
‘is per se a result , signifying the engagem ent  of the com munity with its 
informat ion resources’ (Gent il-Beccot  et  al.  2008, 9) . 
 
3 .3  HEP- Related Research for  This Thesis 
 
The prom inence of SPI RES and arXiv as research tools for the HEP com m unity 
form s an ant ithesis to the com m on percept ion that  academ ics are moving away 
from  com plex search interfaces and toward Web search engines. To bet ter 
understand the ‘m agic’ that  at t racts the HEP researchers, the author interviewed 
several HEP scient ists and analysed the results of one sect ion of the HEP survey. 
The informat ion-seeking behaviour pat terns that  emerge from the survey and 
from  the interviews shed som e light  on the factors that  determ ine the success or 
failure of a search process and on the effects of the hum an-computer interface on 
a user’s search experience. This chapter focuses on som e of the issues that  the 
HEP informat ion specialists’ analysis revealed and describes findings from  the 
author’s analysis. These findings fall into two m ain areas:  the HEP scient ists’ 
percept ions about  their informat ion-seeking pract ices and the informat ion 
system s that  they use;  and the influence of the special nature of the HEP 
com m unity and the SPI RES and arXiv systems on the informat ion-seeking 
process of the community’s members.  
 
3 .4  Methodology 
To gain som e understanding of HEP community members’ views of the 
inform at ion system s that  they use, the author interviewed three senior 
researchers ( two experimental physicists and one theoret ical physicist )  about  
their inform at ion-seeking pract ices and their preferences regarding the HEP 
resources. Later, four researchers—three PhD candidates and one postdoctoral 
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scholar—were interviewed to complement  the qualitat ive data and include 
researchers who are less fam iliar with the present  and past  literature than m ore 
seasoned researchers yet  spend more t ime looking for scholar ly materials. These 
sem i-st ructured interviews took place in 2008 and the beginning of 2009, at  the 
offices of the HEP researchers at  a leading scient ific inst itut ion. A detailed 
descript ion of the interviews, including the quest ions asked, is provided in 
Appendix A . The interact ion with some of the researchers cont inued on a less 
form al basis in the form of e-m ail correspondence and occasional m eet ings. 
 
Next , the author reviewed the responses to a survey conducted by HEP 
informat ion specialists ( the survey is described in detail by Gent il-Beccot  et  al.  
2008) .  Running from  April 30, 2007, to June 11, 2007, the survey collected 2,115 
responses from  HEP researchers in more than 35 count r ies. 
 
I n one sect ion of the survey, the respondents answered mult iple-choice 
quest ions. I n another sect ion, the respondents were asked to select  the ‘HEP 
informat ion system ’ that  they use the most ;  they were presented with a list  of 
predefined opt ions—arXiv, CDS (CERN Document  Server) , Google, Google 
Scholar, and SPI RES—as well as a text  box in which they could type a different  
choice (such as the Ast rophysics Data System , ADS) . Then the respondents wrote 
answers to the following four open-ended quest ions:   
 
a. ‘Why do you m ost ly use this system?’ 
b. ‘What  do you like the most  and the least  about  arXiv?’ 
c. ‘What  do you like the most  and the least  about  SPI RES?’ 
d. ‘What  do you like the most  and the least  about  Google (Scholar)?’ 
 
Of the 2,115 respondents, m ost  (2,018)  did indicate a preferred informat ion 
system (arXiv, 847;  SPIRES, 1,017;  Google or Google Scholar, 182;  other, 778)  
and answered at  least  som e of these quest ions (a—1,849 respondents;  b—1,314;  
c—1,200;  and d—602) . The informat ion specialists who conducted the survey 
kindly provided the author with the answers to the open-ended quest ions.  
 
                                          
8
 Respondent s used t he ‘Other ’ t ex t  box t o nam e an addit ional resource or  l ist  m ult iple 
prefer red resources.  
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The answers to the open-ended survey quest ions were interpreted and analysed 
on the basis of an understanding of the nature of the HEP com m unity and its 
informat ion-seeking pract ices (as revealed in the interviews that  the author had 
conducted earlier)  and the published analysis of the survey results that  relate to 
the mult iple-choice quest ions (Gent il-Beccot  et  al. 2008) .   
 
Because of the manner in which the open-ended quest ions were phrased and the 
likelihood that  the respondents, when composing their answers, considered other 
answers that  they had given in the quest ionnaire, the replies do not  necessarily 
reflect  a comprehensive and systemat ic evaluat ion of the inform at ion system  on 
the part  of the respondents. Rather, the replies highlight  pat terns of the 
respondents’ informat ion-seeking behaviour, aspects of the informat ion systems 
that  the researchers find m ost  important , and faults that  the researchers find in 
the inform at ion systems that  they use or avoid using.   
 
By nature, replies to an open-ended quest ion are not  st ructured in any way and 
do not  necessarily use predeterm ined term inology;  therefore, a set  of cr iter ia 
were defined for this study to allow an analysis of the replies. According to those 
cr iter ia, the replies fell into a posit ive group and a negat ive group. Because not  all 
the respondents refer to the same issues in their answers, two sets of figures are 
usually presented in this chapter:  the first  figure is the percentage of respondents 
(out  of those who answered the quest ion)  who com m ented on a specific issue, 
and the second figure is the percentage of respondents in this subgroup who 
com m ented posit ively or the percentage who com m ented negat ively about  that  
issue.9  
 
This discussion of preferences and pract ices refers to both the results of the 
survey’s mult iple-choice sect ion—marked with ‘[ PA] ’ (published analysis)—and 
the author’s analysis of the replies to the open-ended quest ions, marked with 
‘[ AA] ’ (author’s analysis) .  
                                          
9
 For  exam ple,  ‘26.9%  of  t he researchers who responded t o t he quest ion “ What  do you 
like t he m ost  and t he least  about  arXiv?”  refer red t o arXiv ’s coverage.  Of t hese 
respondent s,  68%  indicat ed t hat  t hey like t he coverage,  while 32%  felt  t hat  t he 
coverage is not  suff icient . ’ 
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3 .5  Researchers’ Preferred I nform at ion System s  
I n the elect ronic era, when inform at ion systems are inter linked, researchers often 
look upon a research environment  as one ent ity, even when it  consists of mult iple 
informat ion systems. Furthermore, because informat ion is often available from 
more than one system or via more than one workflow, the informat ion alone is 
not  the only cr iter ion that  a researcher weighs in deciding where to seek 
inform at ion;  the user experience and the services that  are provided by an 
inform at ion system s can lead the researcher to favour one search path over 
another.  
 
According to the published analysis of the HEP survey, an overwhelm ing 
percentage of researchers (87.9%  [ PA10] )  marked one of the community-based 
resources—SPI RES or arXiv—as the informat ion system  that  they use the most  
(48.2%  and 39.7% , respect ively [ PA] )  (Figure 12) . Furthermore, the researchers’ 
detailed responses to the open-ended quest ions clearly indicate that  the m ajority 
use both systems, each for a different  purpose. As one researcher explains, 
‘SPI RES is the m ost  user fr iendly and com prehensive system  for finding art icles in 
HEP, whether they be published or in preprint  form , and hence is the m ost  useful 
research tool, while the arXiv is obviously the indispensable tool for providing us 
with new preprints on a daily basis’.  
 
                                          
10
 Result s of  t he survey ’s m ult iple- choice sect ion are m arked w it h ‘[ PA] ’ ( published 
analysis) .  
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Figure 12:  HEP inform at ion syst em s used m ost  by HEP com m unit y  m em bers.  
Repr inted from  Gent il- Beccot  et  al.  ( 2008) ,  Figure 1.  
 
Google is next  in popularity as the most  used system (7.8%  [ PA] ;  Google and 
Google Scholar combined—henceforth referred to as Google services—8.5%  
[ PA] ) , although when looking at  its popularity according to the researchers’ 
num ber of years in the field (which usually corresponds to their age) , one sees 
that  newcomers (22%  of those who joined the field in the last  two years [ PA] )  are 
more inclined to use the Google services (Figure 13) .  
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Figure 13:  Percentage of  HEP com m unit y  using HEP inform at ion syst em s.  
Percentage broken down by t he m em bers’ num ber  of years in t he f ield;  based on t he 
m ult iple- choice survey responses.  Repr int ed from  Gent il- Beccot  et  al.  ( 2008) ,  Figure 2.  
 
I n their replies to the open-ended quest ions, 28%  of all the respondents referred 
to their use of Google services (Google and Google Scholar)  to some degree as a 
m eans of finding scholar ly inform at ion (once again, the percentage varies by the 
number of years that  the researchers are in the field and reaches 36.7%  of the 
junior set )  ( [ AA11] ) . Researchers com m ented about  the com prehensiveness of the 
informat ion-seeking process when they use all three resources:  ‘Papers are 
published daily there [ in arXiv]  and one can look for a given art icle easily by the 
arXiv num ber. SPI RES is bet ter when the authors and/ or exact  t it le are known 
and GOOGLE is probably the best  when one only knows roughly what  they are 
looking for’.  Or, as another researcher wrote, ‘…arXiv is essent ial to keep up with 
and to cont r ibute to research in HEP, etc. SPI RES is essent ial for locat ing older 
item s, for nam es, etc. For outside HEP and also as a complement  search tool, and 
for searching for scient ists’ webpages Google and Google Scholar are essent ial’.   
  
                                          
11
 Figures arising from  the author’s analysis of the replies to the open-ended 
quest ions are marked with ‘[ AA] ’ (author’s analysis) . 
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Although this discussion focuses on the resources that  HEP researchers use the 
most—SPI RES, arXiv, and the Google services—the published analysis shows that  
some respondents indicated CDS (2.6%  [ PA] )  and the Ast rophysics Data System 
(ADS)  (0.7%  [ PA] ) , both of which are com m unity-based inform at ion system s, as 
the informat ion system they use the most . Commercial services are used most  by 
only 0.1%  of the respondents ( [ PA] ) . These impressive findings signify the 
scient ists’ unique reliance on the resources that  the com munity has created and 
has m aintained for decades.  
3 .6  Researchers’ I nform at ion- Seeking Process  
The informat ion-seeking process is supported by four major components:  the 
core research data ( for exam ple, art icles and books) ;  the m etadata that  describes 
the core research data (metadata in this sense is cataloguing informat ion, such as 
the author, t it le, and publicat ion date of a book or art icle) ;  the indexing system  
and search engine;  and the user experience—the interact ion between the 
researcher and the system in terms of workflow, screen design, on-screen 
term inology, services that  are offered at  each stage of the search process, and 
more.  
 
I n the HEP context , we can see that  core research data, if available elect ronically, 
is stored in several locat ions—mainly arXiv, publishers’ sites, and inst itut ional 
archives;  and m etadata is typically assigned by the provider of the repository 
where the item  is stored or by another provider. For example, a preprint  art icle 
that  is stored in arXiv bears metadata that  is most ly author generated and is 
available in arXiv. I f the art icle is relevant  to HEP, curated metadata is added in 
SPI RES and is made available to researchers through the SPI RES interface. 
Furtherm ore, the m etadata and the full text  of the art icle are indexed by Google 
and Google Scholar and are available through these services. I f the art icle is 
eventually published in a journal as well,  the publisher is likely to add metadata, 
to index both the m etadata and the final full- text  version, and to make the 
m etadata and the full text  available through the publisher’s interface. Authors 
often add the post -peer- review version to arXiv, thus m aking the published 
version available not  only through the publisher’s interface. Researchers can 
choose the arXiv interface to locate the art icle;  they can search for it  through 
SPI RES and obtain the full text  from  arXiv or from  the publisher’s site;  they can 
use Google or Google Scholar to locate the art icle and link to the full text ;  or they 
can use the publisher’s site to search for and ret r ieve the art icle.  
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While some researchers keep to their preferred resource and workflow, m any 
indicated in the HEP survey that  they alter their  behaviour according to the kind 
of m aterial that  they are looking for and their pr ior knowledge about  the required 
item . For example, a researcher who is looking for an art icle that  is stored in 
arXiv m ight  use the arXiv interface and enter the arXiv I D (although m any opt  to 
enter the arXiv I D in Google or Google Scholar or use the appropriate command 
in SPI RES, leading them to the art icle in arXiv with just  one m ore click) ;  a 
researcher who knows only the nam e of the author is likely to use the SPI RES 
interface;  and a researcher who is not  fam iliar with a subject  area is likely to 
consider using Google or Google Scholar. Another major factor that  determ ines 
the path that  a researcher takes is the degree to which the research material is 
associated with HEP subject  m at ter. The fact  that  SPI RES focuses on part icle and 
ast ropart icle physics is at  t imes an advantage, because researchers using SPI RES 
know that  they will not  encounter any irrelevant  results if they look for m aterial in 
these areas, but  at  other t imes—such as when the researcher is looking for 
m aterial that  is interdisciplinary or tangent ial to part icle and ast ropart icle 
physics—the SPI RES focus on HEP becom es a disadvantage. The type of m aterial 
(such as published art icles, preprints, theses, or conference proceedings)  is 
another important  cr iter ion for the select ion of the best  resource, and researchers 
adapt  their behaviour accordingly (Figure 14) ;  for example, when looking for 
preprints, only 7.4%  of the respondents use the Google services, but  when 
looking for theses, the percentage grows to 32.6%  ( [ PA] , Gent il-Beccot  et  al. 
2008) . 
 
Figure 14:  Breakdown of  HEP scient ist s’ favour it e inform at ion syst em s. 
Repr int ed from  Gent il- Beccot  et  al.  ( 2008) ,  Table 5.  
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3 .7  Researchers’ Evaluat ion of I nform at ion 
System s 
The HEP survey sheds light  on the way in which researchers evaluate informat ion 
system s. Gent il-Beccot  et  al. (2008)  describe in detail the importance that  
researchers at t r ibute to features such as the access to full text , depth of 
coverage, quality of content , and search accuracy. The free- text  replies provide 
further informat ion about  the way in which these preferences apply to specific 
inform at ion system s.   
 
According to the author’s analysis, the surveyed researchers addressed some or 
all of the following factors when evaluat ing the inform at ion system s that  they 
use:   • The coverage offered by the informat ion system  • The means of finding the informat ion • The effort  required to find and obtain inform at ion • User fr iendliness of the informat ion system • Related services offered by the informat ion system 
 
The rest  of this sect ion exam ines how the researchers evaluated each of these 
factors in the HEP survey. Note that  the remaining figures in this chapter refer to 
the author’s analysis ( [ AA] ) . 
 
3 .7 .1  Coverage Offered by an I nform at ion System  
Obviously, the content  that  researchers can find via an informat ion system ’s 
interface is the m ost  important  factor when they evaluate that  system . I f the 
informat ion that  they are looking for cannot  be located, no other factor will 
convince them  to use the system . Metadata and full text  can both be considered 
content , and depending on the context , one or the other is the focus of 
researchers’ interest . For exam ple, m etadata is im portant  when a researcher only 
wants to find out  whether there are publicat ions on a specific topic or by a 
specific author. Sim ilar ly, when an art icle that  a researcher needs is not  published 
elect ronically, the m etadata can help the researcher obtain the art icle in pr int  
form  or through a m ediatory service.  
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I n the HEP survey, the respondents addressed several issues related to the 
content  of inform at ion system s. The issues fall into five groups.  
 
Focus on HEP topics:  HEP researchers are aware of the HEP coverage of arXiv, 
SPI RES, and the Google services. SPI RES covers all materials that  are specific to 
high-energy physics;  arXiv covers some other scient ific domains as well but  
focuses on preprints;  Google covers everything, regardless of the materials’ 
relat ionship to HEP or to science in general;  and Google Scholar, which presents 
scholar ly m aterials but  does not  disclose the origin of the inform at ion that  it  
indexes, is not  lim ited to HEP (Figure 15) . As explained earlier, a scient ist ’s area 
of research and specific needs affect  that  person’s view of the HEP focus as an 
advantage or disadvantage.  
 
Figure 15:  HEP- related inform at ion landscape.  
The red box indicat es HEP- related inform at ion t hat  is available t hrough  
SPI RES, arXiv ,  and t he Google serv ices.  
 
I n their replies to the open-ended quest ions in the HEP survey, 43.5%  of the 
respondents referred to the coverage of SPI RES. Of these respondents, 80%  
noted that  they like the SPI RES coverage in general. Of the 11.8%  of the 
respondents who commented about  the SPI RES focus on HEP literature, 62%  said 
that  they do not  like this focus. Som e regarded this focus as both an advantage 
and a disadvantage ( for exam ple, ‘[ What  I  like the]  most  [ about  SPI RES] :  good 
for hep;  [ what  I  like the]  least  [ about  SPI RES] :  only for hep’) . Those who felt  that  
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the focus on HEP is a disadvantage indicated that  the coverage is poor or lacking 
in adjacent  areas (e.g., cosm ology, ast rophysics, gravitat ional physics, 
mathemat ical physics, and condensed mat ter physics)  and com m ented that  today 
these areas are st rongly connected to HEP. As one respondent  put  it ,  ‘as research 
becomes more interdisciplinary (quark mat ter < ->  superfluidity)  it  is necessary to 
have a search engine which harvests all arxiv subject  classes and analyzes 
citat ions correspondingly! ’ 
 
Regarding arXiv, 26.9%  of the respondents referred to its coverage;  68%  of that  
group indicated that  they like the coverage of arXiv, while 32%  said that  the 
coverage could be bet ter. Most  of the lat ter wrote that  arXiv should also host  old 
preprints, from  before it  was established. However, we can infer from  the overall 
survey responses that  m ost  researchers do not  search in arXiv. They typically see 
the new subm issions, and they link to specific papers after searching in other 
informat ion systems (primarily SPI RES and the Google services) . The 
com pleteness of arXiv’s coverage, therefore, is not  as important  for the 
researchers as the completeness of the other inform at ion system s, as can be 
seen by the relat ively m odest  discussion of the arXiv’s coverage.   
 
The majority of users who described what  they like most  and least  in Google and 
Google Scholar—60% —referred to the coverage of these services. According to 
79%  of that  group, the coverage of Google and Google Scholar is extensive and 
somet imes includes relevant documents that  they cannot  find in arXiv and 
SPI RES. Nevertheless, 13.3%  feel that  the coverage is incomplete when it  comes 
to HEP m aterials. Other concerns raised by those who referred to the Google 
services is the lack of focus on HEP (11.7% )  and the non-academ ic nature of the 
materials offered through these services (7% ). Som e of the respondents (3% ) 
listed the coverage of the Google services as what  they like both the m ost  and 
the least , as exemplified by the following comment :  ‘I  like the fact  that  it  covers 
m any out lets and sources of scholar ly work. I  som et im es find sources I  m ight  not  
have found any other way. At  the sam e t im e, this is also one of its weaknesses:  I  
often have to wade through m any useless references and links’.  
 
As is evident  from  the survey, the breadth of content  was of much more concern 
to those addressing Google and Google Scholar in their replies and the least  
concern to those addressing arXiv (Figure 16) . The findings indicate that  the 
coverage of the Google services is a major draw for the HEP scient ists who decide 
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to use these resources, part icular ly for specific informat ion needs, despite the 
cr it icism  that  the scient ists art iculate about  the quality of the m aterials that  these 
system s m ake available.  
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Figure 16:  Com m ent s on content  coverage of inform at ion syst em s.  
Percentage of users who com m ented on t he coverage of SPI RES, arXiv ,  and 
t he Google serv ices,  out  of t he t ot al num ber  of users who com m ent ed about  
t hese inform at ion system s.  
 
Availability of m aterials:  Although access to materials that  are published 
elect ronically—the m ajority of the m aterials that  HEP scient ists use today—can be 
immediate, some publicat ions are subject  to license and hence are not  available 
to all of the com m unity m em bers. The HEP researchers express considerable 
awareness of open-access issues surrounding scient ific informat ion and often 
prefer the freely available prepr int  version of an art icle to the final, published 
version, even if the lat ter is also available to them. An outcome of this awareness 
is that  sem inal papers by large collaborat ions are published exclusively in open-
access journals. I n the replies to the open-ended survey quest ion about  SPI RES, 
16%  of the researchers referred to the availabilit y of the full text . Whereas 53.5%  
of this group of researchers like the links to the published materials and 23.7%  
like the links to the preprints, 42%  do not  like the fact  that  SPI RES som et im es 
links them to publisher sites that  are open only to subscribers or require a fee. 
‘The uncertainty about  access to the full text  is probably what  I  like least  about  
SPI RES’, explains one respondent ;  another notes that  ‘fortunately, it  covers the 
m ost  of HEP. Unfortunately, it  does not  allow access to the all texts’.  
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Regarding arXiv, only 12.6%  of respondents referred to the availabilit y of the full 
text—86.7%  of these respondents cited the immediate availabilit y of the 
m aterials as what  they like the m ost , and the rest  listed what  they like the least , 
such as the absence of an art icle’s publicat ion status or the lack of a link to the 
published version of an art icle.  
 
Access to full text  was addressed by 8%  of those who referred to the Google 
services. The occasional inabilit y to access art icles’ full text  from  Google or 
Google Scholar—as a result  of m issing or outdated links or links to copies that  are 
unavailable to the user because of the lack of inst itut ional licensing—was listed as 
a drawback by 72%  of these respondents ( ‘Least :  often leads to the links without  
complete texts of the references, even though the full text  is available on other 
sites’;  ‘the main link is inconsistent  for physics. I t  doesn't  always link to arxiv, so 
it  is more of a pain to get  full text ’) .  On the other hand, the rest  of this group of 
respondents m ent ioned easy access to the full text  as what  they like the m ost  
about  the Google services.  
 
Quality of m aterials:  Measuring the quality of scholarly informat ion is not  a simple 
task and yet  is of great  importance to the scient ific com m unity. Knowing that  an 
informat ion system applies quality measurements is, of course, crucial to a 
researcher who relies on an informat ion system to provide quality m aterials. 
Furtherm ore, som e system s use such m easurements to apply a relevance- ranking 
algor ithm  that  determ ines where a specific document  appears in a result  list .   
 
SPI RES applies quality m easurem ents to the materials it  hosts;  arXiv performs 
only m inim al screening of the deposited materials;  and the Google services index 
all materials without  any quality assessment . The issue of quality was addressed 
by m any of the surveyed researchers (6%  of those who described what  they like 
the m ost  and the least  in arXiv, 8.5%  of those who referred to SPI RES, and 23%  
of those who referred to Google and Google Scholar) . Depending on the context , 
some prefer st r ict  qualit y cont rol and others prefer the dem ocrat ic nature of an 
open repository. Whereas 91.6%  of those who referred to the quality of the 
m aterials covered by SPI RES indicated in their responses that  this characterist ic 
is what  they like the most , only a few researchers (8.4% )  said that  quality is 
lacking in SPI RES. Regarding arXiv, 64%  of the few (8% )  who referred to the 
quality of its materials do not  like the quality. The Google services are perceived 
as providing data of lesser quality, and 97%  of those referr ing to the issue of 
 A Model of  Scient ist s’ I nform at ion Seek ing and a User - I nter face Design 
Tam ar  Sadeh 
Page 74 
quality wrote that  they least  like the irrelevant  or unt rustworthy results provided 
by these services.  
 
As expected, the figures show that  the quality of materials was more an issue for 
users who referred to Google and Google Scholar than for users who referred to 
the community informat ion systems. While the Google services enable 
researchers to find quality m aterials that  they cannot  locate in SPI RES and 
arXiv—as well as quality materials that  are available in those systems—the 
researchers need to spend m ore t im e to find m aterials that  are of high quality, as 
can be inferred from  com m ents such as ‘I  find it  contains m any irrelevant  ent r ies, 
far m ore than spires,’ ‘too m uch garbage to sift  through’, and ’too m uch noise!  
google scholar returns, it  seems like, everything on the web’. One of the 
researchers summarized the problem as follows:  ‘[ What  I  like]  the most :  
quant ity. The least :  quality (not  filtered by expert  referees) ’. 
 
Period of coverage:  Because arXiv was established only in 1991, it  does not  hold 
preprints that  precede that  year. SPI RES contains m etadata that  goes back to the 
1970s and represents print  m aterials as well as materials that  were digit ized and 
are stored in inst itut ional repositor ies or are available through publishers’ Web 
sites. Using Google and Google Scholar, researchers occasionally stumble upon 
even earlier  materials. The coverage of old materials in arXiv was addressed by 
5%  of the respondents, all of whom wrote that  what  they like the least  is the lack 
of such coverage. Of the 11%  of respondents who referred to the coverage of old 
materials in SPI RES, 69%  like the coverage and 31%  think that  this coverage is 
not  sufficient  and would like to see more scanned papers online.   
 
Type of m aterials:  Although the major corpus of research materials consists of 
art icles, the availabilit y of addit ional types is of great  value to researchers. These 
types include conference proceedings, PhD theses, research reports, 
presentat ions, lecture notes, data sets, and non- text -based m aterials. I n the HEP 
survey, however, very few respondents to the open-ended quest ions referred to 
the issue of material types at  all (only SPI RES was ment ioned, and only by 3%  of 
the respondents) , and of those respondents, 25%  liked the variety of materials 
offered by SPI RES. The other 75%  m ent ioned the lack of other types of m aterials 
(e.g., books, m ult imedia, and presentat ions)  in SPI RES as what  they like least . 
Survey respondents who referred to Google and Google Scholar ment ioned that  
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what  they like most  is the reference to other types of materials, such as 
conference talks, annual reports, and Web pages.  
 
3 .7 .2  Means of Finding the I nform at ion 
We typically think of searching as the obvious means of locat ing scholarly 
materials. I n the HEP context , we can exam ine act ive, directed searching12 in all 
the inform at ion systems that  we have discussed so far. Depending on the task at  
hand—searching for a specific docum ent  (a ‘known’ item )  or explor ing to see 
what  materials are available about  a subject  or by an author—HEP researchers 
prefer one inform at ion system  to another and often change their searching 
behaviour.  
 
Many respondents referred to searching, although it  was not  always clear whether 
they were referr ing to the search interface, the search opt ions, the search engine, 
or the m etadata that  is available to the search engine. For a discussion of these 
aspects of searching, see  3.7.3. 
 
To obtain relevant  informat ion, HEP scient ists use two techniques in addit ion to 
searching. One technique is to monitor new m aterials of interest . As expected, 
the HEP researchers praise services that  enable them  to see the latest  
subm issions to arXiv:  17%  of the respondents ment ioned arXiv’s daily list ings and 
specified this feature as what  they like the m ost  in arXiv. Furthermore, when 
asked why they use arXiv the most , 21.8%  of the respondents wrote that  arXiv 
enables them  to keep abreast  of developments in their  area by offer ing a m eans 
to m onitor relevant  new subm issions. As one of the researchers explained, ‘I  
check every morning the new art icles. I t  is m andatory to be kept  up- to-date’. For 
som e researchers, scanning new post ings is part  of their morning r itual:  ‘I  look at  
arXiv every day first  thing in the morning and no other thing. With a cup of 
coffee. That  has been my rout ine since 1992’. 
 
The other technique for locat ing relevant  m aterials relies on a m esh of links 
between materials. Such links are generated by the informat ion system, and in 
the context  of the HEP community, the best  example is the mesh of links 
provided by SPI RES. I n addit ion to the m ore obvious links from  an art icle to other 
                                          
12
 For  a discussion of t he inform at ion- seek ing m odes suggest ed by Bat es,  see  2.2.2.5.  
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publicat ions that  appear in the reference list , links to art icles that  cite a given 
art icle are available, as well as links that  follow routes to other item s through 
authors, inst itut ions, and conferences. By following the links, a researcher can 
t rack the evolut ion of an idea and can also easily obtain an overview of the 
literature on a part icular topic. I n their responses to the HEP survey, 13.5%  of 
the respondents referred to the citat ions available in SPI RES, with 78%  of this 
group indicat ing that  the citat ions are what  they like the m ost  (22%  said that  the 
citat ions should be im proved) . Another 5%  referred to the references in SPI RES;  
95%  of this group named the references as what  they like the most , and the 
rem aining 5%  found fault  with the references. Because citat ions also serve as a 
measure of the academic excellence of researchers, respondents expressed 
concern about  the lack of com pleteness of the citat ions and the result ing 
inaccuracy of the citat ion analysis provided by SPI RES for each paper. Som e 
survey respondents (14% )  addressed the issue of citat ion analysis, 74%  of whom  
said that  they like it  the most . However, 16%  were very cr it ical, as is often the 
case in the assessm ent  of im pact  in scholarly com m unicat ion. 
 
3 .7 .3  Effort  Required to Find and Obtain I nform at ion 
When comment ing about  the process of locat ing and obtaining informat ion, the 
surveyed researchers ment ioned three factors:  • The search interface:  how easy the interface is to learn and what  it  enables a 
researcher to do • The search engine:  how fast  the search process is, how accurate the results 
are, and how tolerant  of user m istakes the search engine is • The overall effort  required for a researcher to actually find and obtain the 
required items  
 
I n addit ion, many researchers wrote about  the search process, though it  was not  
always clear whether their  sat isfact ion or dissat isfact ion related to the interface, 
the opt ions that  it  offers, or the search engine. I t  was evident , however, that  the 
user fr iendliness of the system  is im portant  for m any researchers.  
 
The search interface of SPI RES was addressed by 28%  of the respondents. While 
some researchers commented that  the search interface of SPI RES is very good, 
others complained that  it  is old fashioned and complex. Object ively speaking, the 
default  search interface is not  intuit ive and requires expert ise, as noted even by 
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those who like it ;  however, once researchers m aster the interface, they consider 
it  easy to use and say that  it  enables them to specify informat ion needs very 
accurately.  
 
I nterest ingly, although the percentage of respondents who addressed the search 
interfaces of SPI RES and arXiv is rather sim ilar (27.7%  and 31.8% , respect ively) , 
the respondents were very clear in their comments about  arXiv and were divided 
equally in their opinions about  SPI RES (51%  and 52% , respect ively13) . Also, if we 
look at  SPIRES alone, respondents who are experienced with SPI RES and yet  
have less seniority in the field are those who are more inclined to indicate the 
interface as what  they like the most  in SPIRES14 (Figure 17) . However, the 
com plexity of the interface m ay be the reason for the decreasing appeal of the 
interface to those who belong to the m ore senior age group. 
 
 
Figure 17:  The appeal of  t he search int er face of SPI RES. 
The posit ive and negat ive com m ents are broken down by t he num ber  of 
years t hat  researchers are act ive in t heir  f ield.  
 
According to the survey responses, the lack of a full- text  search and of fuzzy 
searching in SPI RES are the features that  researchers m iss the m ost . Although 
                                          
13
 Som e respondent s indicat ed t he int er face as what  t hey liked t he m ost  and t he least ;  
hence,  t he num ber  of references t o t his issue is great er  t han t he num ber  of 
respondent s.  
14
 Alt hough 60%  of j unior  researchers indicat ed t hat  t hey like t he SPI RES int er face t he 
m ost ,  t he t otal num ber  of respondent s from  this age group who refer red t o t he SPI RES 
inter face is relat ively  sm all—20 researchers—as opposed t o t he num ber  of m ore 
exper ienced respondent s ( 134 respondent s of m ore t han t en years in t he f ield,  81 
respondent s of six  t o t en years,  and 59 respondents of two t o f ive years) .  Hence t he 
f indings related t o j unior  researchers are not  unequivocal.    
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4.2%  of the respondents like the search by author names the most , 3.5%  least  
like the need to manually match up variat ions of author names and the difficulty 
of ident ify ing the desired author name. These shortcom ings m ake searching 
inconvenient  for finding authors with common names, especially when it  com es to 
Chinese names.  
 
Other search- related factors m ent ioned by respondents who referred to SPI RES 
include the search engine (m ent ioned by 12%  of the respondents, 62.5%  of 
whom  commented posit ively) , speed (m ent ioned by 8.5%  of the respondents, of 
whom  64.5%  were posit ive) , and aspects of the interface such as the overall 
design (m ent ioned by 4.3%  of the respondents, with 59.2%  com m ent ing 
posit ively) .  
 
Searching in arXiv is clearly what  respondents like least  about  that  system. Many 
referred to having a workaround—searching through SPI RES, Google, or Google 
Scholar. For some, such workarounds do not  pose any problem , but  others would 
like arXiv to have a bet ter search engine. Although arXiv provides full- text  
searching, respondents indicated that  it  should be improved.  
 
The arXiv search interface was also addressed by m any respondents—31.5% —
m ost  of whom  (83.9% )  indicated that  they like it  the least . However, the 
interconnect ion between arXiv and SPI RES, designed to provide a com plete 
environment  in which these informat ion systems bear complementary roles, does 
succeed in m eet ing the expectat ions of the com m unity. Again, to overcom e the 
lim itat ions of arXiv’s search interface, m any users search for arXiv materials 
through other system s, as evidenced in com m ents such as ‘[ the]  search feature 
in arXiv is not  so easy to use;  I  use SPI RES instead for searching and then click 
back through to arXiv. They work well together’. 
 
Respondents referred to the kind of searching that  they can do with each of these 
system s. While they use the arXiv search typically when they have an arXiv I D, 
they find SPI RES convenient  when they know the t it le or the author of the 
required material.  Combining an author or t it le with a date works very well for 
them . Regarding keyword searching, 1%  of the respondents liked it  the most , but  
3.6%  liked it  the least ;  most  of the lat ter group think that  the keywords and 
classificat ion are not  adequate. Whereas very few respondents indicated that  they 
like the capabilit y to conduct  exploratory searches in SPI RES the m ost  ( ‘Though 
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arXiv is excellent  in many respects, Spires is usually more convenient  in 
searching for references one doesn't  already know’) , 2.3%  of the respondents 
liked this capabilit y the least . These respondents thought  that  ‘topic search is not  
as good as Google Scholar’;  ‘least :  hard to explore by subject ’;  or ‘Worst :  I t  is a 
bit  hard to locate papers on a given topic if you have no specific ent ree’. Google, 
on the other hand, is perceived by 7.4%  respondents as a good tool for 
exploratory searching.  
 
The Google search funct ion was addressed by 60%  of the respondents. The 
Google services, although viewed as having a search engine that  is good (48% ) , 
quick (10.8% ) , and accurate (12.3% ) , received considerable cr it icism . I rrelevant  
or unt rustworthy results (22.5% ) , inaccurate searches (7.7% ) , the lack of certain 
search opt ions (7% ) , and inadequate sort ing of results (5.2% ) were among the 
least  liked characterist ics of the Google services. Apparent ly, although the search 
itself is quick, the process of sort ing out  the results is too long and cumbersome, 
despite the user fr iendliness that  12.6%  of the respondents like. As one 
researcher says, ‘…it  gives too m any links and one has to really spend t im e in 
checking out  what  is actually useful’.   
 
3 .7 .4  User Fr iendliness of an I nform at ion System  
One of the themes that  is repeated in the open-ended responses is the ease of 
use of each of the informat ion systems discussed. Although ease of use was not  
always clearly defined, it  can be assum ed that  users refer to the overall 
experience, which is a combinat ion of screen design, term inology, search and 
display opt ions, help screens, compliance with accessibilit y standards, and more.  
 
I n their responses, som e respondents wrote very general statements such as 
‘user interface’, ‘efficient  interface’, or ‘great  interface’. Some were more 
concrete, addressing specific elem ents such as ‘Most :  no graphics. I  like plain 
text ’, or ‘most :  form al interface’. I n addit ion to such comments about  each of the 
system s, 27.4%  of the respondents referred to the ease of use (or lack of it )  and 
2.3%  referred to the interface in a broad sense (as opposed to solely the search 
interface)  in their replies to the quest ion ‘Why do you most ly use this system?’ 
 
The user interface was brought  up by 4%  of those who referred to SPIRES, 59%  
of whom like it  the most , and the rest  like it  the least . Respondents did not  refer 
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to the user interface explicit ly when comment ing about  the other informat ion 
system s. Of the respondents who refer to SPI RES, 21.3%  refer to its ease of 
use—which emerges as an issue of importance to them when the responses are 
com pared to those about  the other resources ( for which ease of use was 
addressed by 18.4%  of those who refer to arXiv and 11.4%  of those who refer to 
the Google services) . Furthermore, the majority of respondents expressed very 
clear ly that  they like the ease of use of SPI RES and the Google services and were 
divided almost  equally in their evaluat ion of the ease of use of arXiv. The user 
interface of SPI RES was crit icized by some, who found it  outdated.  
 
When one looks at  the number of years that  respondents have been using the 
system s (a way of est im at ing the ages of the respondents) , it  is evident  that  
those who have been working with SPI RES for a longer period find it  fr iendlier 
(Figure 18) . 
 
 
 
Figure 18:  The appeal of  t he ease of use of SPI RES. 
The posit ive and negat ive com m ents are broken down by t he num ber  of 
years t hat  researchers are act ive in t he f ield.  
 
The responses to the quest ion ‘What  do you like the most  and the least  about  
arXiv?’ referred to two addit ional issues. The first  was the site’s accessibilit y, in 
the sense that  the arXiv site is very simple and st raight forward in its 
im plem entat ion and does not  rely on JavaScript , Flash player, or other more 
advanced interface components. 3.8%  of the respondents liked this simplicity 
most . The other issue was the organizat ion and display of the informat ion:  3%  of 
the respondents liked it  least .  
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3 .7 .5  Related Services Offered by an I nform at ion System  
Searching is only part  of the informat ion-seeking process. Obtaining the full text  
of art icles and addit ional inform at ion—such as the number of t im es an item  has 
been cited—complements the process and is of great  relevance to researchers. 
Other services, such as enabling researchers to download citat ions in various 
form ats and to navigate to related inform at ion—authors, conferences, and m ore—
are important  as well.  SPI RES offers several such services, which respondents 
indicated as most  liked:  citat ion analysis (10.4% ) , the abilit y to follow links 
(15% ), and the abilit y to download citat ions in various formats (4.5% ) .  
 
3 .8  Character ist ics of the User Com m unity 
Although this work focuses on the informat ion-seeking behaviour of the HEP 
community members in the context  of their scient ific work, some other aspects of 
the com m unity m em bers should be considered in the design of a future 
inform at ion environm ent . Based on a thorough understanding of the goals and 
object ives of the informat ion seekers, the model describing their informat ion-
seeking behaviour is m ore likely to provide an accurate account  of the current  
pract ices and a more profound basis for a future system that  will be designed in 
accordance with this model. Most  of the insights about  the HEP community 
members originate from  the interviews;  however some general characterist ics can 
be concluded also from  the responses to the survey. 
 
I n their published analysis, Gent il-Beccot  et  al. (2008)  refer to several 
characterist ics of the HEP community, as captured by the survey results:  
nat ionality, senior ity in the field, and the frequency of use of the HEP inform at ion 
system s.  
 
The figures regarding the nat ionality of the respondents (Figure 19)  corroborate 
the informat ion obtained through interviews:  the HEP community is dist r ibuted all 
over the world, with CERN serving as a tem porary base for people of m any 
nat ionalit ies. Researchers spend t ime also at  the other HEP cent res, pr im arily 
SLAC and DESY.  
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Figure 19:  Dist r ibut ion of  survey respondents per  count ry .  
Repr int ed from  Gent il- Beccot  et  al.  ( 2008) ,  Table 1.  
 
The number of years of experience in the field has been discussed in this chapter 
in relat ion to the search behaviour of the survey part icipants. Assum ing that  the 
number of researchers joining the field every year is more or less stable,15 one 
m ight  predict  that  researchers at  each level of seniority would cont r ibute a sim ilar 
num ber of responses, but  this was not  the case. By dividing the number of 
respondents (2,110)  by the num ber of years that  researchers typically spend in 
their field (40) , one would expect  an even dist r ibut ion of 50 responses from  each 
experience bracket ;  however, as evidenced in Figure 20, the part icipat ion in the 
                                          
15
 I t  is dif f icult  t o assess whet her  t he num ber  of HEP researchers is increasing,  
decreasing,  or  stay ing m ore or  less t he sam e.  I nt erv iewees and t he HEP inform at ion 
specialist  t eam  est im at e t hat  t he size of t he com m unit y  has rem ained stable in t he last  
two decades or  it  m ay have even decreased slight ly ,  w it h researchers dr if t ing t oward 
t he adj acent  ast rophysics and cosm ology f ields due t o t he delay in launching t he LHC 
proj ect  in CERN. However ,  since t he beginning of  t he proj ect  in  Sept em ber  2008,  t he 
LHC data output  at t ract s researchers back.  
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survey by the more senior researchers was less than expected. Those who have 
worked in the field for 3-10 years responded the most  to the survey.  
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Figure 20:  Dist r ibut ion of  survey responses by num ber  of years of exper ience.  
This dist r ibut ion is com pared t o t he dist r ibut ion expect ed if  t here were an even 
num ber  of responses at  each level of  exper ience.  
  
The specific field of the researchers is a major different iator in regard to the 
response rate and, even m ore so, in regard to the reported intensiveness of the 
use of the HEP inform at ion system s. Experim entalists tend to spend less t im e on 
informat ion seeking than theorists, as was evidenced in the interviews and by the 
nature and the num ber of responses to the HEP survey of each group. Although in 
personal communicat ions, som e of the interviewees est im ated that  the num ber of 
experimentalists is more or less equal to the number of theorists (an est imate 
that  is shared by the team of HEP informat ion specialists) , the published analysis 
of the HEP survey reports that  61.3%  of the respondents are theorists, 22%  are 
experim entalists, and the rest  work in the field of software (5.5% ) , 
inst rumentat ion (3.5% ), accelerators (2.7% ), engineering (1.3% ), or another 
field (3.5% )  (Gent il-Beccot  et  al. 2008) . Som e of the respondents, however, 
associated them selves with m ore than one field (e.g., experim ents, 
inst rumentat ion, and software) .  
 
I n term s of the frequency of usage of the HEP inform at ion system , the theorists 
report  a m uch higher rate. Figure 21 shows the percentages of theorists and 
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experimentalists who report  using informat ion systems at  specific degrees of 
frequency. The graph represents only those who ident ified them selves as 
belonging to one of the groups. 
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Figure 21:  Frequency of HEP inform at ion syst em  use by t heor ist s and exper im ent alist s 
 
 
The interviews with the HEP researchers and personal communicat ions from  them 
corroborate the findings of the survey. I ndeed, theorists spend much more of 
their t im e in searching for m aterials. The reason for this difference relates to the 
kind of work that  the scient ists are engaged in—theorists are less focused on a 
narrow area and less dependent  on deadlines, equipm ent , and even collaborat ion 
with colleagues. They are typically open to broadening their  understanding and 
changing or adjust ing their theories on the basis of new informat ion that  becomes 
available to them . Experim entalists, on the other hand, generally work as part  of 
big collaborat ive teams and have to focus on fulfilling their own tasks. Hence they 
spend lit t le t ime searching for m aterials that  are not  direct ly related to their exact  
area.  
 
Another character ist ic that  m ay be worth not ing is that  a great  m ajorit y of HEP 
researchers is male. The survey does not  indicate gender, but  the low 
representat ion of women among the community members was noted by the 
interviewees as a t radit ional phenomenon that  has started changing only in 
recent  years.  
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3 .9  I nform at ion System s as Com m unity Tools 
The involvement  of the HEP community in the development  of the informat ion 
system s and the ongoing m aintenance of the system s is significant . Such 
involvem ent  m akes SPIRES and arXiv m ost  valuable to the researchers, on the 
one hand, and a source of pr ide, on the other. Respondents expressed their 
feelings in various ways, start ing with their  willingness to fill out  the survey and 
write lengthy responses. The tone of their replies and explicit  com m ents reflect  
their feelings:  about  14%  of the survey part icipants added unprompted 
com m ents about  SPI RES;  of them, 96.2%  were ext rem ely posit ive. About  12%  of 
the respondents added unprom pted com m ents about  arXiv, all of a posit ive 
nature.  
3 .9 .1  Com m ents Related to SPI RES and arXiv as 
Com m unity- Developed and Com m unity- Maintained 
Resources  
SPI RES was cited in the context  of the com m unity by 19 respondents (1.7% ) , 
and arXiv, by 157 respondents (12% ) . The unprompted comments about  the 
com m unity aspects of SPI RES and arXiv include the following:  
 • ‘SPI RES is doing a wonderful service to the community. ’ • ‘SPI RES was a histor ical m om ent  in science. Other fields should use it  as a 
prototype.’ • ‘I  like the existence itself of the database [ SPIRES] .’ • ‘Many thanks to SPI RES for the valuable service of processing references 
from  all papers and put t ing it  to the database -  I  understand how difficult  
it  is, but  it  is ext remely valuable to the scient ific community. ’ • ‘Spires is simply the way we search for art icles in HEP. Period. No 
compet it ion. No compet it ion needed.’ • ‘We as a community are blessed to have SPI RES.’ • ‘MOST:  [ SPI RES]  I t 's an I RREPLACI BLE source of data.’ • ‘good:  it  [ arXiv]  is THE place to post  in m y field, so everything is there and 
it  almost  replaces all journals.’ • ‘I  like m ost  that  everyone in m y field uses it . ’ • ‘Likes:   that  it  exists ….  I t 's hard to imagine doing physics without  arXiv. ’ • ‘the most  is the t remendous service it  does to the com m unity for giving 
immediate access to new works and for the massive store it  is. ’ 
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• ‘Most :  Not  replac[ e] able by anything else. I t  is like a m orning newspaper 
with all hea[ d] lines and columns and wealth of informat ion.’ • ‘I T [ arXiv]  HAS CREATED A LEVEL PLAYI NG FIELD!  This cannot  be st ressed 
too highly.’ • ‘most  -  that  it  [ arXiv]  exists. I t 's certainly the single most  valuable online 
resource for high-energy physics.’ • ‘The arXiv has become the standard repository for scient ific preprints in 
m ost  of the research dom ains in physics.’ • ‘I t  would take a few art icles to do just ice to the histor ical role of arXiv in 
the evolut ion of scient ific informat ion mediat ion. I  agree with the art icles 
posted on the arXiv webpage. The speed, freedom and availability of 
published research results is by far the m ost  important  cont r ibut ion of 
arXiv. Everything else is of course desirable and deserves our appreciat ion, 
but  it  is of secondary importance.’ 
3 .9 .2  Com m ents about  SPI RES and arXiv as Open, Free 
Tools  
As ment ioned earlier in this chapter, the HEP community embraces openness and 
free access to knowledge. I n their responses, 10%  of those who described what  
they like about  arXiv addressed this topic specifically. Only a few referred to the 
openness of SPI RES, perhaps because the availabilit y of the m etadata is taken for 
granted while the availabilit y of the full text  of the m aterials is not  guaranteed 
and depends on the publisher if the art icle is not  stored in arXiv. The comm ents 
that  refer to SPI RES and arXiv as open, free tools include the following:  
 • ‘What  I  like the most  about  arXiv is the essent ial fact  that  most  papers in 
HEP are there, freely available for anyone to read.’ • ‘m ost :  free access of course, content  generated by * us*  [ arXiv] . ’ • ‘The most :  being freely available, it  spreads knowledge faster and allows 
faster developm ent  of research fields. [ arXiv] . ’ • ‘Science is available for free to everyone. This is dem ocracy of knowledge. 
[ arXiv] . ’ • ‘Most :  That  it  is a free service that  has developed to a standard and is 
therefore rather complete ( ‘a paper not  in arXiv does not  exist ’) . ’ • ‘most :  it  is 100%  free [ arXiv] . ’ • ‘What  I  like the most  is the freedom of exchanging scient ific ideas for all 
interested people, irrespect ive of their associat ion to an inst itute, whether 
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their inst itute has enough money to pay for journal publicat ion, whether 
their idea is in the main st ream or something new, maybe not  always 
correct  or interest ing, but  it  would be up to readers to judge. And readers 
learn to accept  or reject  a work not  because a famous person is between 
authors or it  is published in a famous journal. There is no policing by 
referees.’ 
 
Finally, some researchers wrote com m ents such as ‘I  like everything about  
SPI RES’;  ‘what 's there not  to like?’;  ‘excellent ’;  and ‘fantast ic’—without  any 
explanat ion. Although these com m ents do not  give m uch inform at ion to act  on, 
they do serve to show the general at t itude of the com m unity toward its 
inform at ion system s.  
3 .1 0  Discussion 
The survey analysis and the interviews that  the author conducted with HEP 
researchers paint  a picture of the HEP community as a dist inct  scient ific 
community with clear informat ion-seeking behaviour characterist ics, some of 
which cohere with findings observed in other scient ific com m unit ies whereas 
other characterist ics are unique. 
3 .1 0 .1  Creat ion of, Cult ivat ion of, and Reliance on 
Collaborat ive I nform at ion System s 
I t  is evident  that  in addit ion to being heavy users of the community informat ion 
system s, the HEP researchers also m ake an effort  to ensure the systems’ 
superior ity for the HEP field and take pride in their success. I n fact , the 
com m unity inform at ion system s were init iated by community members and not  
by external providers, and the need for bet ter com m unicat ion channels am ong 
community members was actually the t r igger for the creat ion of the World Wide 
Web by Tim  Berners-Lee, a community member. The innovat ion in the HEP 
communicat ion channels is well respected by informat ion specialists and, as one 
of the librar ians at  the Weizmann I nst itute explained in a personal 
com m unicat ion, watching the advances in HEP scholar ly com m unicat ion enables 
one to predict  the t rends that  will ar ise in some other scient ific disciplines.  
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3 .1 0 .2  Loyalty to and Trust  in the Com m unity’s I nform at ion 
Providers 
Most  HEP researchers dem onst rate a high degree of loyalty to and t rust  in the 
com m unity inform at ion system s and the team s that  m aintains these system s, 
technically and content -wise. Unlike their at t itude toward the rem ote, anonym ous 
teams that  develop and maintain Google and Google Scholar, the HEP researchers 
not  only feel close to the team s that  m anage SPI RES and arXiv but  also 
cont r ibute t im e and effort  in providing these team s with relevant  and accurate 
inform at ion. The researchers show a great  degree of empathy for the teams’ 
members in their efforts to fulfil all their tasks. Such int imacy among informat ion 
providers and inform at ion consumers—all of whom are community members—is 
fundam ental to the success of the com m unity inform at ion system s.  
3 .1 0 .3  Open- Access Philosophy 
HEP community members—both researchers and informat ion providers—are very 
keen on providing open access to inform at ion. Their informat ion systems are, of 
course, open to all.  Furtherm ore, the community members prefer publishing in 
open-access journals and using the arXiv copies of art icles rather than the 
publisher’s version of art icles whenever possible. I n the last  few years, HEP 
informat ion specialists have been deeply involved in init iat ives aim ing to change 
the business model of publishers so that  all papers are made available to all 
(ht tp: / / scoap3.org/ index.htm l) .   
3 .1 0 .4  Preference for  a  High- Quality, Focused I nform at ion 
Corpus 
Although many, if not  all,  researchers use Google and Google Scholar, it  is 
evident  that  in most  informat ion-searching interact ions, HEP researchers prefer 
using their community systems. There are several object ive reasons for this 
preference:  pr im arily, the high scient ific quality of the content  and, in the case of 
SPI RES, the HEP-exclusivity of the content ;  the search opt ions;  and the related 
services (m ainly lists of daily subm issions of new art icles, citat ion analysis, and 
bibliographic tools) . The researchers’ reliance on community resources has 
developed over t im e and has proved to be m ore beneficial for their  purposes, in 
most  cases, than reliance on alternat ive channels to informat ion. I n addit ion, 
using SPI RES and arXiv complies with the community’s t radit ional informat ion 
behaviour and its at t itude toward open access. 
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3 .1 0 .5  Fam iliar ity w ith Materia ls and Researchers 
Because the HEP com munity is relat ively small, senior researchers are fam iliar 
with the worldwide research com munity. Therefore, they can use their  knowledge 
of the authors, inst itut ions, or projects to assess content . Such knowledge m ay 
compensate for the lack of peer review of papers deposited in arXiv and the 
uncertain quality of many materials available on the Web—lecture notes, 
conference proceeding, reports, and the like. Junior researchers typically work 
with senior researchers, in small groups, and hence can benefit  from  the 
knowledge of the senior researchers when it  com es to assessing m aterials.  
3 .1 0 .6  Use of Several I nform at ion System s to Sat isfy All 
I nform at ion Needs 
The HEP community members have developed informat ion-seeking behaviour 
that  takes advantage of several inform at ion system s—in part icular, SPI RES, 
arXiv, and the Google services—which complement  each other and together 
sat isfy all the researchers’ informat ion needs. The systems differ in coverage, 
type of content , searching opt ions and capabilit ies, access to full text , and related 
services;  however, the system s are integrated through hypertext  links to provide 
one environment . I nformat ion seekers learn to use the r ight  tool for the specific 
task and feel com fortable with the interplay between these systems. 
3 .1 0 .7  Perceived Need for Bet ter  I nterdisciplinary Coverage 
by the Exist ing I nform at ion System s 
For researchers who focus solely on high-energy physics, the coverage of SPI RES 
is opt imal:  it  includes all the documents they need, and it  does not  include 
informat ion that  is not  relevant  to them. However, for researchers whose areas 
are tangent ial to pure HEP or deal with interdisciplinary research, the coverage of 
SPI RES is too narrow. I n a m anner typical to the HEP community, researchers 
feel engaged and suggest  improvements—in this case, the inclusion of other 
m aterials.  
3 .1 0 .8  Need to Keep Abreast  of New  Materia ls 
HEP researchers, like researchers in other fields, are always on the lookout  for 
inform at ion. They som et im es conduct  directed searches;  they look at  new 
materials daily;  and they are always aware of relevant  informat ion, even that  
which m ight  become handy in the future. 
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3 .1 0 .9  Use of Several Techniques Besides Searching to 
Sat isfy I nform at ion Needs 
Besides act ive, directed searching, researchers rely on a web of links that  is 
provided through SPI RES. After finding one art icle of interest , the researcher 
navigates to other art icles. Citat ion informat ion provides one important  path to 
related materials (and also serves for the evaluat ion of materials) ;  however, 
other paths are often used. 
3 .1 0 .1 0  Online Reading Used Alm ost  Exclusively 
Most  HEP literature is available online, and the use of print  materials is negligible. 
Even older materials are often scanned and made available online. Hence, the 
current  informat ion-seeking pract ices are adapted to an online environment .  
3 .1 0 .1 1  Differ ing I nform at ion- Seeking Pat terns According 
to Experience in the Field 
The survey results suggest  that  researchers who are newer to the field tend to 
rely on Web search engines more heavily than other researchers. I t  is not  clear, 
though, how the behaviour of these newcomers evolves over t im e:  as they spend 
more t ime in the community, do they become more aware and more appreciat ive 
of the community inform at ion system s? Or do these researchers st ick with their 
pre-HEP informat ion-seeking habits, which will probably change the nature of 
informat ion seeking by the community as t ime goes by? 
3 .1 1  Conclusions 
The overall sat isfact ion that  HEP scient ists express about  their comm unity-based 
inform at ion systems suggests that  the community effort  that  is invested in these 
systems renders them not  only worthy from a professional point  of view but  also 
a source of pr ide to the community members. The aggregat ion of individual 
cont r ibut ions over a long period of t ime improves the quality of both the 
informat ion stored in the databases and the services that  the informat ion systems 
provide, m aking such services m ore focused on the real needs of the HEP 
researchers. However, the tendency of researchers who are newer to the field to 
rely on Google and Google Scholar implies that  the research behaviour pat terns of 
the HEP com m unity may change in the future and may affect  com m unity 
m em bers’ cont r ibut ion to the ongoing m aintenance of their inform at ion system s. 
I mproving the user experience of the dedicated HEP informat ion systems while 
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cont inuing to support  researchers who want  to conduct  sophist icated searches 
m ight  help halt  the younger generat ion’s tendency to use other informat ion 
system s. I n addit ion, as scient ific research becomes more interdisciplinary and as 
new types of materials gain in relevance, the HEP informat ion systems will have 
to develop accordingly. 
 
Providing bet ter support  for researchers in their efforts to sat isfy their informat ion 
needs would require, as described by Wilson (1981) , a shift  in the focus of 
informat ion research ‘from  an exam inat ion of the informat ion sources and 
systems used by the informat ion-seeker to an explorat ion of the role of 
inform at ion in the user 's everyday life in his work organizat ion or social set t ing’ 
(Wilson 1981) . Wilson elaborates:  
Qualit at ive research seem s par t icular ly  appropr iate t o t he st udy  of 
t he needs under ly ing inform at ion- seek ing behav iour  because:   
o our  concern is w it h uncover ing t he fact s of t he everyday life of 
t he people being invest igat ed;   
o by  uncover ing t hose fact s we aim  to understand t he needs t hat  
ex ist  which press t he indiv idual t owards inform at ion- seek ing 
behaviour ;   
o by  bet t er  understanding of t hose needs we are able bet t er  t o 
underst and what  m eaning inform at ion has in t he everyday life 
of people;  and  
o by  all of t he foregoing we should have a bet t er  understanding of 
t he user  and be able t o design m ore effect ive inform at ion 
syst em s.  
…Before a generally  applicable t heory  of inform at ion- seek ing 
behav iour  can be evolved,  t he cont ext  of t he research m ust  be 
nar rowed so t hat  crucial det erm ining fact ors can be ident if ied and 
analysed.  There can be lit t le use,  for  exam ple,  in a nat ional survey 
of t he ' inform at ion needs'  of any group ( chem ist s,  botanist s,  
econom ist s et c. )  if  m em bers of t hese groups are under tak ing widely  
dif fer ing k inds of t asks in t otally  dif ferent  organizat ions wit h 
vary ing levels of inform at ion prov ision.  I f  we w ish t o uncover  t he 
det erm ining fact ors of behav iour  we m ust  do so by f irst  under t ak ing 
in- depth studies of well- def ined cat egor ies of persons,  developing 
explanatory  concept s and t hen t est ing t hese concepts in relat ed but  
dif ferent  set t ings.  ( Wilson 1981)  
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The general characterist ics—and, in part icular, the informat ion-seeking behaviour 
of the HEP community members—inferred from the interviews and the analysis of 
the survey results described in this chapter serve as the basis for the creat ion of 
HEP personas, described in  Chapter 4;  the inform at ion-seeking model presented 
in  Chapter 5;  and the user- interface design derived from the model, described in 
 Chapter 6. By understanding the nature of a scient ific community and its 
requirements, one is more likely to create an informat ion-seeking model and a 
user interface based on that  model that  will successfully address the community’s 
research pract ices and support  it  in sat isfying its inform at ion needs.  
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Chapter 4   Personas 
4 .1  W hat  Are Personas, and W hy Use Them ? 
 
I t  is obvious that  creat ing a m odel that  represents user behaviour requires a 
thorough understanding of the users in respect  to their inform at ion-seeking 
behaviour:  their goals, their expectat ions, their needs, and their form  of act ion. 
Both qualitat ive research and quant itat ive research enable us to acquire such 
understanding, whereas a com binat ion of the two research methods is likely to 
yield the best  results. Because there is no ‘typical’ user—rather, every user is 
unique—this work suggests the use of personas to illust rate representat ives of 
the high-energy physics (HEP)  com m unity and to serve as the basis for the 
design of the model—and later, of the derived user interface.  
 
Another way of gaining an understanding of the goals, expectat ions, needs, and 
habits of a target  populat ion is by conduct ing psychom etr ic tests. Ham m ond 
(2006)  describes these tests as follows:   
 
Psychom et r ics m eans lit erally  ‘m easurem ent  of t he m ind’,  and 
psychom et r ic t est s are designed t o m easure t he int r insic m ental 
charact er ist ics of  a person.  …  
 
Owing t o t he lack of direct  access t o t he m ental charact er ist ics 
under  scrut iny ,  t he discipline of psychom et r ics has developed a 
detailed set  of procedures and m odels for  st at ist ical est im at ion.  
Essent ially ,  t hese procedures rely  on t he presence of a large 
num ber  of indicators allow ing us t o ‘focus in’ on or  t r iangulate t he 
charact er ist ic being m easured.  I n m ost  psychom et r ic t est s t hese 
indicators m ay be v iewed as t he indiv idual it em s or  quest ions of 
which t hey are com posed.  ( Ham m ond 2006,  184)  
 
Using psychometr ic tests—typically consist ing of well- formulated, st ructured 
quest ionnaires—to exam ine a representat ive sample of community mem bers 
yields a series of indicators. However, as Ham m ond (2006)  notes, ‘most  
psychom etric tests in use today are normat ive or norm  referenced, which means 
that  data exist  which tells us what  range of scores is expected from the 
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populat ion under considerat ion. This requires that  the means and standard 
deviat ion of a large representat ive sample are available to the tester so that  she 
or he can interpret  the m eaning of an individual’s score. These descript ive 
stat ist ics are termed the norms’ (Ham m ond 2006, 188) . Ham m ond goes on to 
explain that  psychometric tests can also  
 
use cr it er ia other  t han t est  norm s for  int erpret ing t est  scores,  as 
long as t hey are clear ly  specif ied in advance.  This st rat egy is 
em ployed by  a class of t est s known as cr it er ion referenced…. I n t his 
case an ext ernal per form ance cr it er ion becom es t he standard 
against  which a respondent  is j udged.  …The m ain point  in cr it er ion-
referenced t est s is t hat  t he respondent  eit her  reaches a 
prespecif ied cr it er ion or  does not .  Obviously ,  t his m eans t hat  t he 
cr it er ia have t o be established very  accurat ely  and precisely  
j ust if ied before t he t est  is m ade available for  use. ’ ( Ham m ond 
1995,  189)  
 
Although analyses of the responses to psychom etr ic tests can be useful in 
cluster ing com m unity m em bers on the basis of specific personality characterist ics 
(Hylegårde 2009;  Bawden and Robinson, forthcom ing) , psychometr ic tests were 
not  the tool of choice for this study for several reasons:  
o The HEP survey took place before this study began and was not  designed 
in a m anner that  would support  psychom etr ic analyses. 
o A quest ionnaire for use in psychometr ic analysis requires that  the designer 
have a set  of characterist ics in m ind and build the quest ionnaire in light  of 
these characterist ics. I n this study, the special characterist ics of the HEP 
community members were revealed as a result  of the interviews and the 
HEP survey analysis;  once the author had gained an understanding of the 
com m unity t raits, there was no need to start  over with the design and 
execut ion of a psychom etr ic test .  
o The creat ion of personas, a m ethod with which the author is fam iliar in 
pract ical contexts, provides not  only a means to describe representat ive 
individuals but  also enables one to use personas as tools. I n this study, 
the personas are used for the development  of the informat ion-seeking 
model and the user interface derived from this model, as explained later in 
this chapter and described in  Chapter 5 and  Chapter 6.  
 
 A Model of  Scient ist s’ I nform at ion Seek ing and a User - I nter face Design 
Tam ar  Sadeh 
Page 95 
Defining personas is an established pract ice in user- interface design. Blom kvist  
(2002)  describes personas as follows:   
A persona is a m odel of a user  t hat  focuses on t he indiv idual’s goals 
when using an ar t efact .  The m odel has a specif ic purpose as a t ool 
for  software and product  design.  The persona m odel resem bles 
classical user  prof iles,  but  w it h som e im por tant  dist inct ions.  I t  is an 
archet ypical representat ion of real or  potent ial users.  I t ’s not  a 
descr ipt ion of a real,  single user  or  an average user .  The persona 
represents pat t erns of users’ behaviour ,  goals and m ot ives,  
com piled in a f ict ional descr ipt ion of a single indiv idual.  I t  also 
contains m ade- up personal det ails,  in order  t o m ake t he persona 
m ore ‘t angible and alive’ for  t he developm ent  t eam . ( Blom kv ist  
2002,  1)  
 
The concept  of using personas was first  int roduced by Alan Cooper as part  of his 
goal-directed design methodology (Cooper 1999) . According to Cooper (1999) , 
‘our most  effect ive tool is profoundly simple:  develop a precise descript ion of our 
user and what  he wishes to accom plish.  The sophist icat ion com es from  how we 
determ ine and use that  precise descript ion’ (Cooper 1999, 123) . By defining 
personas, the designer of a system can bet ter com prehend not  just  the way in 
which users operate within the lim itat ions of their current  or future environm ent  
but  also how their form  of act ion relates to their  goals and percept ions. As 
Blom kvist  (2002)  explains, ‘the m ain cont r ibut ion of using personas in interact ion 
design is that  the process will be focused on the user’s goals instead of tasks. The 
design process also regards personal object ives as important , which often is 
neglected in design methods and in theoret ical models of users’ (Blomkvist  2002, 
7) .  
 
Referr ing to Cooper’s concept  of personas, Perfet t i (2002)  gives the following 
explanat ion:  
Rat her  t han designing for  all people or  for  averages,  t he Cooper  
approach suggest s t hat  designers focus on t he unique goals of a 
specif ic person t o develop a product  t hat  sat isf ies t he needs of  
m any users.  A persona is a prof ile of  a t ypical user ;  it  is a 
descr ipt ion of an archet ypal user  synt hesized from  a ser ies of 
interv iews w it h real people and includes a nam e,  a social hist ory ,  
and a set  of goals t hat  dr ive t he design of t he product  or  web sit e.  
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By closely  adher ing t o t he goals of a specif ic persona,  t he designers 
sat isfy  t he needs of t he m any users who have goals sim ilar  t o t hose 
of t he persona.  The process is even m ore ef fect ive when designers 
design for  several personas sim ult aneously ,  as t hey can sat isfy  an 
even larger  num ber  of users.  Alt hough designing for  one t o sat isfy  
m any m ay in it ially  seem  counter - int uit ive,  t eam s we've t alked t o 
who have em ployed it  t ell us it 's a very  effect ive t echnique.  
( Per fet t i 2002)  
 
Although personas are typically used in pract ical contexts of user- interface 
design, this work suggests that  personas can be helpful also when defining a 
model of informat ion seeking. Rather than referr ing to users in an abst ract  form , 
references to personas enable the design of the model to bet ter capture the 
character ist ics of the types of users that  are actually taking part  in the 
informat ion-seeking process. Furthermore, personas help designers focus on the 
types of users that  play a major role in the environment  under study instead of 
paying at tent ion to all potent ial users, some of whom may be too specific and 
m ay dist ract  a designer from  the main types of behaviour. Because ‘personas can 
be thought  of as hypothet ical users—fict ional people who represent  classes of 
users’ (Randolph 2004, 108) , the challenge of a designer is to depict  the most  
relevant  representat ive users.  
 
Dant in (2005)  notes that  ‘the approach of ident ifying personas and perform ing 
their tasks in evaluat ing UI s of…software system s was most  definitely a process 
that  helped int roduce clar ity and a form of accountable reasoning into the UI  
evaluat ion process’ (Dant in 2005, 7) . 
 
4 .2  Creat ing Personas 
 
I n accordance with the user-experience design guidelines provided by Mulder 
(2006) , the author of this study defined and described various personas on the 
basis of qualitat ive research—individual, recurr ing interviews with HEP 
researchers of various types—and quant itat ive research—the analysis of the HEP 
survey, including the open-ended quest ions. 
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Because they represent  the potent ial users of a system , personas are defined on 
the basis of the needs and goals of actual users—both their personal goals and 
those that  relate to their use of the system (Randolph 2004) . As it  is not  likely 
that  all users have the sam e needs and goals, mult iple personas are necessarily 
created. However, the designer of the system must  evaluate the degree to which 
the system is required to support  the needs and goals of each persona and define 
at  least  one prim ary persona—‘someone who m ust  be sat isfied with the system  
for it  to be considered a success and who cannot  be sat isfied with an interact ion 
designed for another persona’ (Randolph 2004, 109) .  
 
Mulder (2006)  suggests several approaches for creat ing personas, all involving 
qualitat ive research and ‘segmentat ion’ of the users. Segmentat ion, explains 
Mulder (2006) , is ‘the art  of taking m any data points and creat ing groupings that  
can be described based on com m onalit ies among each group’s mem bers. For 
personas, the goal is to find pat terns that  enable you to group sim ilar people 
together into types of users. This segm entat ion is typically based on their goals, 
at t itudes, and/ or behaviors…. I t ’s less about  science and more about  sit t ing in a 
room reviewing your notes and listening to your gut ’ (Mulder 2006, 41) .  
 
The approach taken in this thesis project  involved the following steps:   
 
1. Conduct ing qualitat ive research, typically user interviews  
2. Segm ent ing the users on the basis of the qualitat ive research  
3. Test ing the segmentat ion through quant itat ive research 
4. Creat ing a persona for each segm ent  
 
Mulder (2006)  offers this recom m endat ion for test ing the segm entat ion:  ‘Through 
a survey or other form  of quant itat ive research, test  your segm entat ion m odel 
using a larger sample size to be more certain it  accurately reflects reality. The 
goals are to confirm  that  these segments are in fact  different , and to have 
evidence to back up your personas in front  of stakeholders’ (Mulder 2006, 45) .  
 
Defining personas is not  a st r ict  technical or scient ific process;  it  requires that  the 
designer employ creat ivity and intuit ion. Mulder (2006)  adds that  ‘each type of 
user evolves into a persona as you add more detail to their  goals, behaviors, and 
at t itudes. Each one becom es realist ic when you have supplied a name, a photo, 
demographic informat ion, scenarios, and more’ (Mulder 2006, 41) . The 
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quant itat ive research adds m ore certainty to the decisions taken at  this stage, 
because they can be supported by stat ist ical evidence. ‘With this approach’, 
Mulder (2006)  explains, ‘you get  a lit t le m ore science and a lit t le less art  for your 
personas. The segmentat ion is st ill based on qualitat ive research, but  you use 
quant itat ive research to obtain evidence to back up your decisions’ (Mulder 2006, 
47) . 
 
The descript ion of a persona includes a fict ional name and life story, a picture, 
and a ‘tag line’—a phrase, supposedly said by the persona, that  is likely to 
represent  the character of the persona as related to the area that  is being 
described or addressed in this work.16 
 
The author of this work segm ented the HEP community members on the basis of 
findings from the HEP survey analysis (detailed in  Chapter 3) , interviews with the 
HEP researchers (see Appendix A) , and conversat ions with the HEP inform at ion 
specialists. The findings led to the following guiding principles for the 
segm entat ion:  
o The HEP com m unity is divided m ore or less equally between theorists and 
experim entalists. 
o Theorists are more focused on searching than experimentalists;  also, the 
form er are m ore inclined to conduct  broad searches, whereas the lat ter 
are typically focused on obtaining very specific materials.  
o I nform at ion needs vary from  one researcher to the next , depending on the 
person’s senior ity in the field. However, the great  majorit y of researchers 
closely follow the advances in their field. 
o There are very few female researchers among the community members, 
but  the num ber has been increasing slowly in recent  years. 
o Research is carr ied out  worldwide, and researchers collaborate regardless 
of nat ionality or mother tongue. Furtherm ore, researchers tend to spend 
periods of t ime at  HEP cent res (m onths or even years)  and carry out  som e 
of their studies at  inst itut ions that  are not  necessarily in their count ry of 
origin.  
                                          
16
 Five pictures were obtained from  Get t y  I m ages ( US) ,  I nc. ,  and are licensed t o be 
used in t his work.  The six t h pict ure ( t hat  of Ed)  was t aken by t he author  and was 
approved by  t he person who was photographed.  
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o Researchers respect  the ongoing effort  that  is being invested by the HEP 
informat ion specialists in maintaining the HEP informat ion systems. The 
informat ion specialists, for their part , respect  the users and are highly 
focused on m eet ing the researchers’ expectat ions.  
o Whereas researchers who have spent  m ore than ten years in the field 
have already built  their  informat ion-seeking pract ices, newer ent rants to 
the field vary more in their informat ion-seeking behaviour, are m ore 
inclined to rely on Web search engines and other non-scholar ly tools, and 
are m ore open to new technologies.  
o Researchers are proud of their research field and have a st rong sense of 
affiliat ion to the HEP community. They find their work interest ing and 
challenging. 
 
These guiding principles and the desire to represent  the main characterist ics of 
the community members led the author to divide the HEP researchers into six 
groups and develop a persona who stands for each group. The characterist ics of 
the groups are not  mutually exclusive. Hence, for example, half of the personas 
represent  theorists and the other half represent  experimentalists;  three personas 
represent  young researchers, two represent  researchers in the prime of the 
career, and one represents a researcher who has been in the field for more than 
four decades;  and five out  of the six personas are m ale figures. I t  is obvious that  
not  all female researchers are PhD candidates or theorists and not  all post  
doctoral students m ove to a foreign count ry for a period of t im e;  however, the 
concret izat ion of the character ist ics into personas paves the way for a bet ter 
understanding of hum an behaviour, in general, and inform at ion-seeking 
behaviour, in part icular, as in the context  of this study.  
 
The six personas were presented to the HEP informat ion specialists in February 
2009. The order in which the personas are listed in this chapter is based on the 
recommendat ion of the HEP specialists. 
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“Accuracy and clar ity are 
what  count . Think 
m ethodically, be precise, 
and ignore ornam entat ion 
that  at tem pts to hide 
vagueness.”   
4 .3  HEP Personas 
4 .3 .1  Persona A: Ed 
 
Ed is the head of a physics department  in an academ ic 
inst itut ion located in a small city. He is a HEP theorist .  
 
Ed is 54 years old, m arr ied, and has three children, age 
25 (a postgraduate student  in com puter science) , 22 (an 
undergraduate m ajoring in psychology) , and 16 (a high-
school student ) . Ed’s wife is a pr im ary-school teacher. 
The fam ily lives in a townhouse, walking distance from 
the university, and Ed typically walks or r ides his bike to 
work.   
 
Ed is highly respected by his colleagues, and his career 
has been developing sm oothly. He has been working at  
the inst itut ion for the last  25 years, except  for two 
sabbat ical years at  SLAC and three m onths at  CERN. He 
has also been a visit ing professor at  other inst itut ions 
for shorter periods. He spends about  half of his t im e 
doing research, and the rest  is dedicated to teaching 
two courses, supervising three PhD candidates, and 
dealing with adm inist rat ive tasks related to his role as department  head. His 
primary area of research is Large Hadron Collider physics, but  he is also 
interested in the phenomenology of supersymmetric theories and neut r ino 
masses. He is often invited to speak at  conferences and workshops and has won 
six pr izes for his scient ific achievem ents.  
 
Ed’s academ ic excellence is the result  of methodical, intense work and he loves 
his area of expert ise. He spends 10-12 hours a day working. I t  is important  for 
him  to be up to date on research in his field, and he invests t ime in acquir ing 
expert ise in related fields, too. He does not  consider him self very com puter-
savvy—he uses the com puter as m eans to do his work. He often reads help files 
and st ruggles to find the best  way to locate relevant  m aterials or carry out  his 
research tasks, and he listens carefully to colleagues when they show him  how to 
 A Model of  Scient ist s’ I nform at ion Seek ing and a User - I nter face Design 
Tam ar  Sadeh 
Page 101 
“For m e, dealing with high-
energy physics also m eans 
working with the m ost  
interest ing people on earth! ”  
 
use software tools and inform at ion resources because he feels that  he is not  an 
expert  in this area. Once he has adopted a procedure, he tends to st ick with it  
and does not  look into new techniques unless he reaches a dead end. Ed does not  
have a laptop, but  he has a com puter at  home that  is connected to the 
inst itut ion’s network. He is not  keen on computerized systems that  use busy 
screens and a lot  of animat ion;  he prefers clean, simple screens. He has a mobile 
phone but  refrains from using it , and he is not  a fan of gadgets like the iPod. 
Furtherm ore, he is a very pr ivate person and opts not  to use services on the Web 
if these require authent icat ion. 
 
I n his spare t im e, Ed enjoys hiking.  
 
 
4 .3 .2  Persona B: Laura  
 
Laura is a PhD student  at  a mult idisciplinary research 
inst itute. She is 27 years old, one of the very few fem ale 
students (and female academ ics in general)  in her 
departm ent . She lives with her 30-year-old boyfr iend, and 
they plan to get  m arr ied and start  a fam ily once she 
subm its her thesis. They live in a small apartment  not  far 
from  the inst itute. Her boyfr iend just  finished his veter inary 
studies and started working at  a clinic. 
 
 
Laura acquired her bachelor’s and master’s degrees 
elsewhere and cam e to this inst itut ion to do her PhD. 
As a mat ter of fact , her focus on the theoret ical 
aspects of ast ropart icle physics and cosm ology can 
be at t r ibuted to her PhD supervisor, whom she met  at  a conference where he 
int roduced her to this field. After hearing his lecture, she decided that  she would 
like to cont inue under his tutorship and in the same general area of research.  
 
Laura was indeed adm it ted to the program  that  she aspired to and was granted a 
scholarship that  enables her to devote herself to her studies full t ime. She spends 
m any hours a day in her room  at  the inst itute. She has been to Harvard twice, for 
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a month each t ime, and enjoyed her visits very much, both professionally and 
personally.  
 
Laura spends at  least  two hours a day looking for scient ific materials. She is quick 
to m aster new tools and takes advantage of every source of inform at ion, 
including Google, which can help her find the m aterials she needs. Because she is 
not  yet  fam iliar with all the players in the field, she often looks for advice from  
her supervisor or other faculty members so she can focus on relevant  materials 
and assess the quality of materials she finds by herself. Knowing the r ight  
scient ific term inology was an issue at  the beginning, but  she is improving 
gradually. She communicates with people who deal with the sam e topics in other 
count r ies, and as a result  has some personal fr iends in the United States, several 
European count r ies, and Korea. She is a m em ber of four social networks—My 
Space, LinkedI n, Plaxo, and Facebook—but her favourite is Facebook, which she 
uses to communicate with fr iends and with her two teenage brothers.  
 
Right  now, Laura is planning a t r ip to I ndia, to at tend a conference in Udaipur in 
the autumn. She is spending quite some t ime looking for informat ion related to 
this t r ip. She at t r ibutes great  importance to recom m endat ions and reviews about  
hotels, sights, and fest ivals and plans to share her im pressions with others on the 
Web once she gets back.  
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“Looking back, I ’m  proud to have 
taken part  in som e of the m ost  
excit ing scient ific projects of m y 
t im e.”  
4 .3 .3  Persona C: Kevin   
 
Kevin is ret ired. He is 72 years old, and two years ago 
he decided, reluctant ly, to leave the academ ic 
inst itut ion in which he worked for over 40 years. He 
arr ived as a young assistant  professor and served in 
several roles during his career, including eight  years as 
head of the departm ent . He also spent  periods of t ime 
at  HEP cent res—CERN, SLAC, and DESY.  
 
 
 
Kevin lives with his wife in a small suburban 
house. They have a dog. Their rout ine 
includes a long evening walk, br idge games 
twice a week, and classical music concerts 
twice a m onth or so. They have a son—a 
scient ist  as well, a biomedical researcher—who lives in another count ry and 
com es every sum m er with his fam ily. Their daughter lives close to them, with her 
partner and three small children. Kevin’s wife is highly involved in taking care of 
these three grandchildren, and the couple often babysit  for the children in the 
evening.  
 
During his research career, Kevin saw m any innovat ions in various areas. He 
m anaged to stay abreast  of m ost  new technologies, although, he adm its, som e 
recent  changes in m any non-scient ific systems are too much for him . He cannot  
understand the reason people prefer communicat ing via social networks rather 
than m eet ing face- to- face or speaking on the phone. For him , com puterized 
communicat ion channels are made for deliver ing important  informat ion from one 
place to another. Also, he is not  interested in the opinions of everybody;  and in 
the context  of his work, he does not  see much advantage in opening up scient ific 
evaluat ion to people who are not  among the best  in their areas. Furthermore, he 
suspects the mot ives of those anonymous writers of reviews and comments—are 
they ‘hired’ by the author? Are they compet ing with the author? He also finds the 
new systems m ore challenging from the design point  of view:  his eyesight  is not  
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“My goal is to leverage my 
knowledge of physics for solving 
environmental problem s. The 
beauty of creat ion—as part icle 
physics is slowly revealing—is about  
to be dest royed by human beings. 
We have to stop this process! ”  
as good as it  used to be, and small fonts and busy screens make him  
uncom fortable.  
 
Although he is ret ired, Kevin maintains close relat ionships with tens of colleagues, 
and his ex-students st ill consult  him . He t r ies to follow recent  posts and spends 
an hour every m orning reading m aterials that  relate to the m any topics he dealt  
with as a theorist  in part icle cosm ology, phenomenology of high-energy physics, 
and high-energy ast rophysics. He knows that  he can keep abreast  only on a 
superficial level, so he focuses on abst racts and rarely reads an art icle from  
beginning to end. However, his great  degree of accumulated knowledge and his 
abilit y to ident ify interest ing t rends make him  a valuable source for consultat ion. 
Somet imes, when asked about  specific issues, he looks for informat ion that  is not  
necessarily new. I n the past , searching used to be as easy as breathing, but  it  
has becom e m ore challenging, and he keeps going back to the help pages in 
order to rephrase his queries. He hates the fact  that  he cannot  rem em ber all the 
abbreviat ions of journal t it les or the exact  way in which his favourite informat ion 
system  requires one to write the names of inst itut ions. Somet imes he wishes 
there was an easier way… 
 
4 .3 .4  Persona D: Guy 
 
Guy is a faculty m em ber at  a big academ ic inst itut ion and is a 
HEP experimentalist .  
 
 
Guy is 48 years old, divorced, and lives alone. His two 
daughters (17 and 15, high-school students)  live with their  
mother, and he sees them occasionally, when he has t im e and 
they are not  too busy, either. He lives in the 
cent re of a big city, about  a 45-m inute drive 
from  his office. His life is rather hect ic:  besides 
his work, he is an act ivist  in the Green party. 
Several evenings a week, he goes to meet ings 
and demonst rat ions and is involved in other 
init iat ives related to environmental issues.  
 A Model of  Scient ist s’ I nform at ion Seek ing and a User - I nter face Design 
Tam ar  Sadeh 
Page 105 
 
Guy started out  by studying m edicine, but  after three years at  the university, he 
decided that  he prefers physics and started all over again. His career, then, began 
a bit  late, but  he m anaged to m ove forward and is now a professor and a m em ber 
of the ATLAS stat ist ics forum  at  CERN. He often t ravels to CERN and is highly 
involved in the Large Hadron Collider project .  
 
Guy teaches one course—he is considered a good teacher—and spends the rest  of 
his t im e on research;  he t ries to avoid adm inist rat ive tasks as much as possible, 
and his desk is piled with papers. As an experim entalist , he spends m ost  of the 
t im e ‘creat ing’ science, as he puts it ,  and does not  invest  much in reading 
scient ific literature. He is rather impat ient  and has no t im e to spend learning how 
to use software tools that  are not  absolutely mandatory for his work. Guy highly 
prefers simple, intuit ive systems and is an avid user of Google and Amazon. He 
appreciates services that  are tailored to his specific needs, such as 
recom m endat ions that  take his profile into account . He has an account  on 
Facebook (with 71 ‘fr iends’)  but  does not  invest  m uch t im e in communicat ing 
through this site. Guy has an iPhone and cannot  imagine his life without  it .  
 
Besides speaking at  professional conferences, Guy is a sought -after interviewee 
for TV shows and is often asked to present  physics at  popular-science events. At  
hom e, he has an interest ing m odern art  collect ion and a big music collect ion, 
m ost ly jazz.  
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“ I ’m  privileged to deal with 
elem entary part icles, the 
cornerstones of the universe, and 
would never dream  of giving up the 
experience, despite the compet it ive 
atm osphere and the uncertain 
personal future.”    
4 .3 .5  Persona E: Hiro 
 
Hiro is a postdoctoral researcher at  a prest igious inst itut ion. 
He was lucky to be accepted to work with a well-known team 
whose m embers are pleasant  and easy to get  along with, 
although he had to leave his count ry and m ove to another 
part  of the world where the language spoken is com pletely 
foreign to him . He is 26 years old and single and left  behind a 
large group of fr iends as well as his close fam ily (parents and 
a younger brother) . The first  few months after the relocat ion 
were not  easy, but  now, about  half a year later, he is m ore or 
less set t led in.   
 
As an experimentalist , Hiro’s work requires him  
to be fam iliar with advanced com puter 
technologies and stat ist ical tools and to have a 
thorough understanding of physical processes. 
Because Hiro is thinking of the future—he will 
need to start  looking for a posit ion at  the end 
of his first  postdoctoral year—he is very eager 
to com e up with som e interest ing results that  will enable him  to apply for a job at  
a first - rate inst itut ion. He will also need his tutor to support  his applicat ion for 
such a posit ion. Meanwhile, he is working on several possible research direct ions 
and spends many hours a day at  the lab.  
 
Hiro rarely looks for new scholarly informat ion. Most  of the t ime, if pointed to 
something specific, he locates the relevant  docum ent  as fast  as he can and 
typically ends the search process there. He does not  have t im e to read m uch, 
t rying to focus on a breakthrough in his research, but  somet imes he has to 
complement  his knowledge with background informat ion. Often such informat ion 
relates to com putat ions;  he discovered that  the best  sources are theses that  are 
scat tered all over the Web. Finding the r ight  one is challenging, but  once he 
m anages to do so, he gets the informat ion he needs. 
 
Hiro has a Facebook account  and uses Skype and JAJAH, with a webcam, to 
communicate with his fr iends and fam ily. Of course, he has very lim ited t ime to 
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“ I t ’s so much fun!  Lots of technical challenges 
for me, but  this is what  I  like doing.”  
do so, and his locat ion in another t ime zone m akes the direct  communicat ion 
challenging, direct ing him  back to e-mail. Som et imes he has the feeling that  
these communicat ion tools, which seem as if they are bringing him  closer to his 
‘natural’ environment , make him  m iss home even more.  
 
Right  now Hiro is under m uch st ress. He hopes that  once he set t les down in an 
inst itut ion he will be able to enjoy his work much more.  
 
  
4 .3 .6  Persona F:  George 
 
George is an experimentalist , a researcher working at  CERN. 
He is 32 years old and the proud father of a baby gir l,  six 
months old. He lives in a village on the French side of the 
border, about  35 km from CERN, because it  is less expensive 
than liv ing in Geneva, and he commutes by t rain and bus. He 
leaves home at  7: 15 every morning and gets back around 
7: 30 in the evening, just  in t ime to see his daughter before 
she goes to bed.  
 
 
George spent  a year at  CERN as a PhD 
student  and then decided that  he 
would like to work there in the future. 
Three years later, he managed to obtain a posit ion at  CERN, as a result  of his 
intensive work as a postdoctoral student . Meanwhile, his wife completed her 
degree in psychology, but  since their move to France, she has not  been able to 
find a job because of the language barr ier. Now she is a full- t ime m other and is 
making gradual progress in acquir ing French. 
 
George is a member of a team of researchers who are focused on designing and 
const ruct ing a new apparatus as part  of a large collaborat ive project  with outside 
groups. George needs to invest  considerable t im e in reading research art icles, 
hardware and software specificat ions, technical reports, manuals, and more. 
Often he t r ies to find inform at ion that  is new to the team , so he needs to conduct  
exploratory searches in a variety of resources. Somet imes he feels like a 
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detect ive, following clues from  one docum ent  to another, spending m uch t im e 
sort ing out  dozens of docum ents to reach the valuable relevant  ones.  
 
George is technologically savvy, of course, and can easily m anage with new 
inst rum ents and gadgets, typically using t r ial-and-error methods. On a personal 
level, he enjoys such new ‘toys’ and always has the latest  model of every gadget . 
He already envisions the fun he will have playing with his daughter once she 
grows up a lit t le—assembling complex st ructures and invent ing new machines 
together.  
 
On his way to work, George likes to read. He is fond of science fict ion—has 
always liked it—and at t r ibutes his fascinat ion with part icle physics to the books 
that  he read as a child. On his way back hom e, he is typically too t ired to read 
and prefers listening to rock m usic on his iPod. I n the evenings, he likes watching 
TV, mainly football and basketball games, and on the weekends, he somet imes 
plays basketball with the locals in his village. On the weekends, he also goes 
shopping with his wife, and they typically have lunch in a nice restaurant . Since 
his daughter’s bir th, they have hardly gone out  in the evening, but  he likes doing 
that . As far as he is concerned, his life is now on t rack and he plans to rem ain at  
CERN for the foreseeable future.   
 
4 .4  Evaluat ion of the Personas  
To ascertain that  indeed the personas represent  groups of HEP researchers and 
that  these groups cover the range of HEP community m em bers, the descript ions 
of the personas were first  sent  to the team of HEP informat ion specialists, who 
provided their input . 
 
The reply from  the HEP informat ion specialists’ group was writ ten by Travis C. 
Brooks, the manager of informat ion system s and SPI RES, as follows:   
 
First  off  t he Personas are great !  They really  evoke HEP users in a 
way t hat  I  t h ink  t he t echnical wonks are not  capable of  t hink ing 
when developing.  The ut il it y  of  t hese are clear  t o m e already in t he 
sense of rem em ber ing t hat  one’s users are not  oneself .  However ,  
we cer tainly  need t o t ake t hese forward and invest igate how t hese 
users w ill feel about  I NSPI RE and what  t hey w ill need from  it .  What  
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serv ices w ill I NSPI RE need t o capture all of  t hese users and serve 
t hem  well? 
 
I  t h ink  m y f irst  st ep is t o t ell you which Personas I  feel are m ost  
im por tant .  I  agree t hat  I  would not  par t  w it h any of t hem , but  I  
also im agine t he scope m ust  be lim it ed.  So I  rank t hem  in order  of 
im por tance,  1 being t he m ost  useful and evocat ive.  
 
1: Ed 
2: Laura 
3: Kev in 
4: Guy 
5: Hiro 
6: George 
 
I  t h ink t his roughly  sat isf ies t he need t o have one from  all t he 
var ious dem ographics.  Laura is pret t y  sim ilar  t o George in m any 
ways,  and I 'd prefer  her  t o him . Hiro is rather  l ike Laura +  Guy I  
t h ink .  
 
I t  would be a sham e to lose any of t hem , but  George can probably  
go.  I f  you m ust  t r im  another ,  Hiro is ok  t o lose.  I  would really  worry  
about  losing m ore t han t hat .  ( T.  C.  Brooks,  pers.  com m .)  
 
This ranking suggests more emphasis on theorists—an emphasis that  m atches 
the profile of the theorists port rayed by the survey results and the interviews, as 
discussed in  Chapter 3. However, because guidelines for using personas for user-
interface design recom m end three to four personas, this thesis refers to two 
groups of personas;  one group consists of the first  four personas ( three of whom  
are theorists) , and the other group, of all six ( three theorists and three 
experim entalists) .  
 
Two other individuals were asked to read the descript ion of the personas and 
provide their feedback. Prof. Ady Stern, a condensed-m at ter physicist  from  the 
Weizmann I nst itute of Science, writes:  ‘I  read the descript ions of the personas 
that  you developed for your study. I  found this way of approaching the subject  to 
be very creat ive. I  am  not  part  of the HEP community myself,  but  it  is a 
com m unity I  know very well as a condensed m at ter physicist . I  found the 
personas you developed to be a faithful representat ion of the HEP community I  
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know, and to illum inate precisely the personality aspects that  are relevant  for the 
way they search for inform at ion. I t  is a very insight ful piece of work’. (A. Stern, 
pers. com m.)   Prof. Yosef Nir, dean of physics at  the Weizm ann Inst itute of 
Science and a member of the HEP community, responded as follows in an e-mail 
m essage:  ‘I  read with m uch interest  the descript ion of the six HEP personas. I t  is 
excellent :  On one hand, I  could (almost )  ident ify the real persons behind the 
personas, and, on the other hand, the six personas give a faithful and 
com prehensive descript ion of the HEP world’. (Y. Nir, pers. comm.)  
 
4 .5  Conclusions 
The six personas, developed on the basis of qualitat ive and quant itat ive research 
and corroborated by the HEP informat ion specialists and two other researchers—
one a community m em ber and the other a member of a related scient ific 
com m unity—cont r ibute to the design and evaluat ion of the inform at ion-seeking 
model, described in  Chapter 5 and the user interface design described in  Chapter 
6.  
 
The HEP informat ion specialists ranked the personas on the basis of each one’s 
relevance to the design of the future inform at ion system as ext rapolated from  the 
personas’ current  involvem ent  as ‘users’ of the exist ing HEP informat ion systems. 
Later in this work (  Chapter 6) , a subgroup of the four most  relevant  personas is 
addressed separately from  the whole group so that  the conclusions derived from  
assessing the behaviour of the more relevant  subgroup can be com pared with the 
conclusions derived from  assessing the whole group.  
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Chapter 5   I nform at ion- Seeking Model 
of HEP Researchers 
On the basis of the survey of exist ing informat ion-seeking models, described in 
 Chapter 2 of this thesis, and the empir ical research described in  Chapter 3, the 
author developed a new informat ion-seeking model, presented in this chapter. 
The model provides a comprehensive abst ract  representat ion of scholarly 
informat ion seeking, including an act ive search process, of a specific scient ific 
community—high-energy physics (HEP)  researchers. The special characterist ics of 
both the sought  m aterials and the researchers who are seeking them  have been 
taken into account  in designing this model.  
5 .1  The Scholar ly Materia ls 
Scholarly literature, by nature, has always relied on a network of links. 
Regardless of the World Wide Web, academ ic research is anchored in the body of 
human knowledge;  the work builds on prior research and leads to successive 
invest igat ions. An academ ic publicat ion always cites previous publicat ions, 
enabling a scholar to go through a sequence of works—each cit ing the previous 
one—and t race the way in which a theory has evolved over t im e.  
 
When doing research, scholars st r ive to set  their work in the context  of the body 
of literature. They look for previous publicat ions that  support  their research 
hypothesis and for publicat ions that  describe sim ilar init iat ives that  are taking 
place elsewhere at  the same t ime and m ight  support  or negate their hypothesis. 
Scholars employ various informat ion-seeking techniques (Bates 2002) , the most  
obvious of which is searching—an act ive, directed mode of obtaining informat ion. 
Another m ethod that  has always been used heavily is reliance on the advice of 
others, pr imarily colleagues, tutors, research collaborators, and librarians. 
Scholars have also obtained useful leads at  conferences, workshops, and 
sem inars.  
 
However, regardless of how a specific publicat ion is found, it  can be seen as a 
start ing point :  from  that  publicat ion, the scholar can reach other publicat ions that  
may also be relevant  and m ight , at  t imes, be even more relevant  than the init ial 
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publicat ion. Connect ions to other publicat ions can be based on citat ions and other 
types of relat ionships—publicat ions writ ten by the sam e author, dealing with the 
sam e topic, presented at  the sam e conference, or developed at  the sam e 
inst itut ion or departm ent . Such associat ions are based on com m on at t r ibutes:  for 
exam ple, two publicat ions having the sam e author name are considered related. 
Autom ated system s can easily detect  such connect ions because of the st ructure 
of the m etadata—for example, by comparing the content  of the author name 
field—or even detect  evidence in the text , such as a heading called References,  
indicat ing that  the list  following it  is a reference list .   
 
Another type of associat ion between publicat ions can exist  because of the way in 
which researchers use these publicat ions. For exam ple, all the publicat ions that  
appear in the reference list  of an art icle or all the publicat ions that  a scholar looks 
at  during a single informat ion-seeking session can be regarded as associated. A 
researcher—or an automated system, for that  mat ter—cannot  infer such 
associat ions from the publicat ions themselves;  rather, the researcher or system  
ident ifies the associat ions from  data that  is available at  a later t ime, such as 
citat ions in later publicat ions or an analysis of usage data (usually by an 
autom ated system ) .  
 
The associat ions that  have been discussed up to now can be broken into two 
groups:  associat ions based on data or metadata that  publicat ions have in 
com m on, and associat ions henceforth referred to as conceptual links—links that  a 
researcher or system makes between publicat ions ex post  facto.  Many of these 
conceptual links could not  be easily t raced in the pre-automated informat ion-
seeking environment . The creat ion of citat ion indexes, for exam ple, required 
great  effort . With today’s technological advances, the online accessibilit y of full 
text , and the availabilit y of usage data, informat ion system s can turn conceptual 
links into actual hypertext  links (such as a link from an art icle to another one that  
cites it ) . The current  technological challenge relates to the com prehensiveness of 
the inform at ion that  such system s cover. For example, researchers consider the 
citat ion index in SPI RES very reliable within the HEP field. However, cross-
disciplinary citat ions are not  well covered because SPI RES includes only pure HEP 
data and excludes citat ions by scholars in other fields, even related ones. Usage 
data, too, needs to be com prehensive in order to provide a robust  basis for an 
analysis of user behaviour.  
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Before the int roduct ion of autom ated library system s, researchers could follow 
connect ions between docum ents by working through reference lists, looking at  
items located near a publicat ion of interest  on the physical bookshelf,  looking for 
materials published by the same author or authors, or relying on explicit  
recom m endat ions by others. Autom ated system s—library catalogues at  first , 
abst ract ing and indexing databases later, and, in the last  decade, Web search 
engines and other informat ion system s—shifted the inform at ion-seeking process 
to a greater reliance on searching. As a result , scholars employ various searching 
techniques, aim ing to gather as m any relevant  materials as possible through 
searching. However, searching as conducted today requires that  the searcher 
have som e knowledge about  the desired m aterial. I n fact , one can regard 
searching as a hypothesis about  the kind of keywords that  would be found in or 
assigned to the sought  m aterial (Robertson 2010) . Therefore, a search can lead 
the searcher only to docum ents that  correspond with the searcher’s pr ior 
knowledge, and it  is through the expansion of the search to closely or loosely 
related m aterials that  the searcher’s horizons can be broadened. 
 
This work suggests that  a complete informat ion-seeking environment  should not  
be confined to searching alone. Although good searching is crucial, a model that  
relates to informat ion seeking—and the system that  is derived from such a 
m odel—should take into account  the various associat ions that  exist  between 
scholarly materials. A model that  does not  describe a com binat ion of searching 
and following links that  are defined on the basis of these associat ions is not  likely 
to port ray the t rue essence of inform at ion seeking in the scholarly environm ent .  
 
I n a schemat ic representat ion of this view of inform at ion seeking, the scholar ly 
materials are linked objects. I n Figure 22, the docum ent  in focus ( the out lined 
square)  in A is related to other publicat ions in various ways;  each colour indicates 
a type of relat ionship. When a researcher m oves to a related document  ( in B) , 
that  document  becom es the one in focus ( in C) , and the network of links changes 
to reflect  the relat ionships of the other m aterials to that  docum ent . The 
researcher can keep moving from  one docum ent  to another, each t ime following 
the new paths that  become visible when the focus is t ransferred to a different  
docum ent .  
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Figure 22:  A representat ion of scholar ly  m ater ials as linked obj ect s.  
The squares represent  docum ent s in t he inform at ion landscape.  Each docum ent  is 
relat ed t o ot her  docum ents t hrough var ious associat ions,  indicat ed by t he dif ferent  
colours.  
 
An interact ion of this kind—moving from  one docum ent  to another—can be 
viewed as adhering to the berrypicking model described by Bates (1989)  (see 
 2.2.2.5) . However, the m ove from one document  to another is not  necessarily 
done by searching ( formulat ing a new search or modifying an exist ing search) ;  
rather, it  can be done by following leads. Such a mode of interact ion 
complements st raight forward searching.   
 
A relat ionship between docum ents can exist  on m ore than one dim ension. For 
exam ple, although a published art icle is the final product , other versions of the 
art icle (such as preprints or the version posted on the author’s hom e page) , 
support ing data (such as datasets and reports) , and related data (such as lecture 
notes and presentat ion slides)  are all conceptually connected to the final product . 
Often a dataset  or a prelim inary version of a published art icle can be of great  
interest , and notes from a talk given by the author on the sam e topic can shed 
light  on the content  of the art icle.  
 
Another dim ension of docum ent-docum ent  relat ionships can exist  between a 
scholarly document  and a reference docum ent—for exam ple, an associat ion 
between the name of a chem ical appearing in the text  of a document  and a 
descript ion of that  chem ical in a reference source, such as an online 
encyclopaedia. Although in this case the associat ion is based on words appearing 
in the text , it  is not  derived from the st ructure of the docum ent  ( its metadata or 
some other indicat ion in the text  such as a heading) . Sim ilar to the way in which 
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people used to read books in foreign languages before the computerized age, with 
the aid of a physical dict ionary, automated systems can provide links from  any 
word in a text  to a dict ionary or other reference tool. Furthermore, the links are 
not  necessarily provided by the informat ion system . Today they can be generated 
by a system, such as an online dict ionary, that  is independent  of the informat ion 
system. The online dict ionary or reference tool detects words on the screen and, 
when so requested by the user, brings up a reference docum ent . 
 
Moving from  one data item  to another in the cases just  described is different  by 
nature from  m oving from one published work to another but  can be described in 
the context  of the same informat ion-seeking model.  
5 .2  The User 
The suggested model describes the informat ion-seeking behaviour of HEP 
scient ists. The model is based on the characterist ics of the community members 
that  are described in  Chapter 3 and that  served to create the personas described 
in  Chapter 4. Nevertheless, this model is likely to be applicable to other scient ific 
com m unit ies. 
 
5 .3  Exist ing Models Applied to HEP 
Most  models of informat ion seeking, which are general in nature, can be applied 
to the HEP com m unity’s pract ices. However, such models are either too general 
to provide valuable insight  or do not  cover the ent ire informat ion-seeking 
behaviour of this specific community. Before a comprehensive model is suggested 
for the HEP community, some exist ing models (briefly described in  Chapter 2)  are 
exam ined in relat ion to this community. 
 
Bates (2002)  suggests a model of modes of informat ion seeking, all of which can 
be applied to the HEP community, and ident ifies a mat r ix whose rows represent  
directed and undirected m odes, respect ively, and whose colum ns represent  act ive 
and passive inform at ion-seeking modes (see  2.2.2.5) . Bates defines the term s as 
follows:  
‘Direct ed’ and ‘Undirect ed’ refer ,  respect ively ,  t o whether  an 
indiv idual seeks par t icular  inform at ion t hat  can be specif ied t o 
som e degree,  or  is m ore or  less random ly  exposing t hem selves t o 
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inform at ion.  ‘Act ive’ and ‘Passive’ refer ,  respect ively ,  t o whether  
t he indiv idual does anything act ively  t o acquire inform at ion,  or  is 
passively  available t o absorb inform at ion,  but  does not  seek it  out .  
( Bat es 2002)  
 
Bates also labels each cell in the mat r ix;  act ive, directed m ode is ‘searching’;  
passive, directed mode is ‘monitor ing’;  act ive, undirected mode is ‘browsing’;  and 
passive, undirected mode is ‘being aware’.  
 
Figure 23 describes the m odes of inform at ion seeking in the context  of the HEP 
community. However, in terms of the informat ion-seeking behaviour of HEP 
researchers, the general, well-defined boundaries between the modes are blurred.  
 
 
Figure 23:  The Bat es m odel applied t o HEP 
 
 
The ways in which HEP researchers act ively acquire informat ion can be 
categorized as directed—when researchers state explicit ly in a search query what  
they are seeking in an informat ion system —or undirected—when they exam ine 
new subm issions, typically on a daily basis, and occasionally browse through 
other resources. I n addit ion, researchers are always recept ive to informat ion and 
rely on a variety of inform at ion forums, either those that  the researcher 
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intent ionally selects, such as conferences and sem inars,17 or those that  occur 
spontaneously, such as casual m eet ings with colleagues or discussions at  social 
gatherings. I nformat ion is also obtained in group meet ings and workshops, which 
are at  the intersect ion between directed and undirected and act ive and passive 
informat ion-seeking behaviour. Furthermore, as one event  leads to another, an 
informat ion-seeking path may evolve;  it  m ight  start  as an undirected, passive 
event—for example, a casual conversat ion during a lunch break—and lead to a 
com pletely different  mode—for exam ple, an act ive search for materials regarding 
a topic ment ioned at  lunch.  
 
The HEP community’s informat ion-seeking pract ices can also be m apped to Belkin 
et  al. ’s (1994)  four ‘m odes’, or dimensions, of an inform at ion seeking st rategy:  
method of interact ion, goal of interact ion, mode of ret r ieval, and resource 
considered (see  2.2.2.6) . Figure 24 and Figure 25 illust rate Belkin’s dimensions in 
reference to the two m ost  com m on act ivit ies of HEP researchers—act ive searching 
for m aterials in SPI RES and browsing through a daily list  of new subm issions in 
arXiv. 
                                          
17
 I nt erv iewees descr ibed professional m eet ings as follows:   
o A workshop is a m ult i- inst it ut ional,  t ypically  internat ional event .  Unlike a 
conference,  a workshop is set  around a specif ic research t opic t hat  is of int erest  
t o all at t endees.  I t  involves presentat ions,  set t ing t he cont ex t ,  but  t he m ain 
obj ect ive of  a workshop is t o have in- depth discussions and work t ogether  on 
specif ic issues.   
o A sem inar  is a depar tm ental or  inst it ut ional m eet ing where a researcher—either  
from  the inst it ut ion or  a v isit or—presents a t opic.  I t  could be a week ly  or  an ad 
hoc event .  
o A group m eet ing is an inform al m eet ing of a research group t hat  assem bles on 
a regular  basis.  I n t his forum , colleagues t alk  about  t heir  work  and share t heir  
news.  At  t im es t hey m ay present  new f indings or  discuss works of ot hers.    
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Figure 24:  The four  dim ensions of t he act ion of searching for  cont ent  in SPI RES. 
The four  dim ensions were proposed by  Belk in et  al.  ( 1994) .  The red bars 
represent  t he locat ion of  t he act ion along each dim ension.  
 
As seen in the figure, searching for m aterials in SPI RES—a st rategy em ployed by 
m ost  HEP researchers—const itutes intent ional searching with the goal of select ing 
materials. A researcher specifies the required m aterials to a greater or lesser 
degree of completeness, depending on the researcher’s informat ion needs and 
prior knowledge, and, in most  cases, is interested in the document  itself,  not  the 
metadata describing it .  Nevertheless, the researcher is likely to scan lists of 
results, mainly when the search is not  for a specific item  and hence could yield 
many results. I n this case, select ing the appropriate material involves 
recognit ion:  looking at  the result  list ,  the researcher picks up the materials that  
seem relevant  to the specific need.  
 
Monitor ing daily subm issions in arXiv (Figure 25)  consists first  of a scanning 
interact ion (even though the list  is prefiltered according to the researcher’s 
preferences) . The goal of the interact ion extends from learning to select ing:  
although m ost  of the interact ion is aimed at  enabling the researcher to keep 
abreast  of new developments, some subm issions m ay at t ract  the at tent ion of the 
researcher and t r igger a select ion act ion. The mode of ret r ieval is again confined 
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to one kind of interact ion—the researcher decides whether a docum ent  is of 
interest  by recognit ion. When it  comes to considering a resource, the interact ion 
is once again less defined. I n m ost  cases, the researcher just  looks through the 
list  and is sat isfied by the metadata, including the abst ract ;  however, in some 
cases the researcher selects a docum ent  for the purpose of reading it  immediately 
or at  a later t ime.  
 
Figure 25:  The four  dim ensions of browsing t hrough new arXiv  subm issions.  
The four  dim ensions were proposed by Belk in et  al.  ( 1994) .  The blue bars represent  
t he locat ion of t he act ion along each dim ension.  
 
Wilson’s (1981)  informat ion-behaviour model (see  2.2.2.1)  (Figure 26) , though 
applicable to the HEP researchers’ behaviour, has several lim itat ions that  cause it  
to fall short  of covering the range of behaviour that  is port rayed in this study. 
First , the model depicts a ‘need’ as a t r igger for the informat ion-seeking process 
(1 in Figure 26)—‘informat ion-seeking behaviour results from  the recognit ion of 
some need, perceived by the user’ (Wilson 1981) . I f one defines ‘inform at ion 
need’ as a state of m ind, one can conclude that  HEP scient ists are always in a 
situat ion in which they have an informat ion need, albeit  not  a specific one;  on the 
basis of this definit ion, Wilson’s model can be deemed applicable to the 
informat ion-seeking behaviour of the HEP scient ists. However, if ‘informat ion 
need’ is defined as a specific, conscious gap in a part icular researcher’s 
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knowledge at  a given moment , the model, though applicable to that  researcher’s 
directed informat ion-seeking behaviour, does not  describe the ent ire range of 
inform at ion behaviour of HEP researchers, such as their reliance on constant  
updates (mainly finding out  about  new subm issions to arXiv)  regardless of a 
specific need at  a given moment . 
 
Figure 26:  Wilson's inform at ion behav iour  m odel.  
Modif ied from  Wilson ( 1981) ,  Figure 1.  
 
Referr ing to a stage as ‘demands on inform at ion system s’ (2 in Figure 26)  is 
perhaps too great  a generalizat ion, as it  fails to reflect  the various kinds of 
demands—the search for a known item  as opposed to an exploratory search, for 
example—that  can lead to the use of mult iple systems in different  ways. Wilson 
(1981)  t reats the different  kinds of demands in his second model (Figure 27) . 
 
I n addit ion to demands on informat ion systems, Wilson’s (1981)  informat ion-
behaviour model includes demands on ‘other’ inform at ion sources (3 in Figure 
26) , which he defines as ‘systems which may perform  informat ion funct ions in 
addit ion to a pr imary, non- informat ion funct ion (such as estate agents' offices or 
car sales agencies, both of which are concerned with selling, but  which may be 
used to obtain informat ion on current  prices, areas of 'suitable' housing, or details 
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of cars that  hold their secondhand value) ’ (Wilson 1981) . However, these 
dem ands do not  seem  to apply to HEP researchers today;  perhaps these demands 
are rooted in the reality of the period during which Wilson developed his model. 
Although HEP researchers somet imes need informat ion that  is not  found in 
scholarly informat ion systems—for example, informat ion about  inst ruments or 
companies—the way they obtain it  is not  through mediators but  through one of 
the informat ion systems they use—in this case, typically Google, which would 
direct  them  to inform at ion found on the Web. 
 
Furthermore, Wilson’s (1981)  model describes failure as a dead end (4 in Figure 
26) . I n today’s reality, there is always a way to cont inue, even, in ext reme cases, 
by adjust ing the informat ion need. 
 
On the other hand, the m odel appropriately depicts the human interact ion that  
character izes the HEP com m unity—the exchange of informat ion and the reliance 
on cross- inst itut ional human networking for obtaining informat ion.  
 
Wilson's second model from  1981 (Figure 27)  focuses on the informat ion-seeking 
behaviour of users. I n this model, the informat ion need is described as a 
secondary need that  emerges from  more basic needs—physiological, affect ive, or 
cognit ive—each of which is set  in the context  of a person’s personal life and 
global environment . The same context , according to Wilson, will be the source for 
the barr iers that  m ay impede the person’s search for informat ion. I n this model, 
Wilson also incorporates the feature set  from  Ellis (1989, as described by Wilson 
[ 1999]  and I ngwersen and Järvelin [ 2005] , among others) , which complem ents 
his model in regard to informat ion-searching behaviour ( for a discussion of Ellis’s 
feature set , see  2.2.2.3) .  
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Figure 27:  Wilson’s inform at ion- seek ing behav iour  m odel.  
Modif ied from  Wilson ( 1999) ,  Figure 2.  
 
Because the focus of this thesis is on a well-defined com m unity act ing in a 
specific, work- related context , the com prehensiveness of the model presented in 
Figure 27 is of lit t le use in the present  study. However, if one m odifies the m odel 
to describe the more specific context  of the HEP researchers ( for example, by 
elim inat ing the role of physiological and affect ive needs, which seem negligible for 
the HEP researchers’ informat ion-seeking behaviour) , one can, indeed, apply the 
model to this study.  
 
I n 1996, Wilson revised his earlier informat ion behaviour model (presented in 
Figure 26)  to propose the use of theories from  various other disciplines—decision 
m aking, psychology, innovat ion, health com m unicat ion, and consum er research—
in the analysis of informat ion behaviour (Figure 28) . The model depicts 
informat ion seeking as being act ivated in a context  (1 in Figure 28)  and having 
various modes (2 in Figure 28) . These modes (3 in Figure 28)  are very relevant  to 
the m odes characterizing the HEP com m unity:  passive at tent ion, passive search, 
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act ive search, and ongoing search ( in the earlier model, presented in Figure 26, 
the act ive search was the focus of at tent ion) . I nformat ion seeking, in this newer 
model, results in informat ion processing and use (4 in Figure 28) , which in turn 
leads to an exam inat ion of the informat ion need’s fulfilment  (based on the user’s 
context )  (5 in Figure 28) .  
 
This model sheds light  on certain aspects of informat ion seeking and incorporates 
three theories that  are adapted from other research fields:   
o The theory of st ress/ copying can explain why some informat ion needs do 
not  invoke informat ion seeking. 
o The theory of r isk/ reward may help explain the tendency of individuals to 
prefer som e sources of inform at ion over others.  
o The theory of social learning m ay help explain how people learn 
inform at ion-seeking behaviour through observat ional learning.  
 
 
 
Figure 28:  Wilson's 1996 m odel of inform at ion behav iour .  
Modif ied from  Wilson ( 1999) ,  Figure 7.  
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Wilson (1999)  notes that  this model ‘remains one of m acro-behaviour, but  its 
expansion and the inclusion of other theoret ical m odels of behaviour m akes it  a 
r icher source of hypotheses and further research than Wilson's earlier  model’ 
(Wilson 1999) .  
 
The behavioural model of informat ion-seeking pat terns suggested by Ellis (1989, 
as described by Wilson [ 1999]  and I ngwersen and Järvelin [ 2005] , among others)  
(see  2.2.2.3)  can be applied to informat ion-seeking act ivit ies of HEP scient ists as 
well as those of other communit ies. Ellis does not  specify the exact  order and 
relat ionships within the set  of eight  features of informat ion-seeking behaviour 
that  he proposes—start ing,  chaining, browsing,  different iat ing,  m onitor ing, 
ext ract ing, ver ifying,  and ending—with the except ion of start ing and ending (see 
Wilson’s sequencing of Ellis’s feature set  in Figure 29) .  
 
 
Figure 29:  Wilson’s sequence of Ellis's feature set  of inform at ion- seek ing behav iour .  
Modif ied from  Wilson ( 1999) ,  Figure 5.  
 
However, a different  sequence, presented in Figure 30, is arguably a m ore 
appropriate way of describing the informat ion-seeking processes of HEP 
scient ists. I n this sequence, three ent ry points are defined. The start ing feature 
described by Ellis is mapped to act ive, directed searching, while the m onitor ing 
feature is mapped to the scanning of inform at ion, such as checking lists of new 
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subm issions in arXiv. An example of the browsing feature m ight  be looking 
through a table of contents (TOC)  of an e- journal (a behaviour that  is not  very 
com m on among HEP researchers) . Different iat ing can be regarded as refining 
result  lists;  ext ract ing, as focusing on an item  and using it—for exam ple, 
downloading the full text  and reading it—and chaining,  as the process of following 
links to previous art icles, later art icles, or related art icles. 
 
Figure 30:  Suggest ed sequence of Ell is's feature set  
 
I n Figure 31, the features defined by Ellis are applied to the informat ion-seeking 
act ivit ies of HEP researchers. 
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Figure 31:  Ell is's feature set  adapted t o HEP pract ices 
  
Even with these variat ions in the sequence of Ellis’s feature set , the fixed 
beginning and end of the process render this model quest ionable for the HEP 
com m unity. More relat ionships between features would be needed to m ake the 
flow m ore cyclical and thus m ore reflect ive of the inform at ion-seeking flow of HEP 
researchers (see  5.4) .  
 
Marchionini (1995)  (see  2.2.2.7)  defines an informat ion-seeking process that  is 
also com posed of subprocesses or funct ions, some of which are very sim ilar to 
Ellis’s features;  however, in Marchionini’s model, the subprocesses are sequenced 
as described in Figure 32. 
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Figure 32:  Marchionini's inform at ion- seek ing m odel.  
Modif ied from  Marchionini ( 1995) ,  Figure 3.3.  
 
Marchionini describes this process as ‘both systemat ic and opportunist ic’ 
(Marchionini 1995, 49) . Subprocesses ‘are bet ter considered as…act ivity modules 
that  may be called into act ion recursively at  any t im e, that  m ay be cont inuously 
act ive..., that  are tem porarily frozen while others proceed, and that  m ay m ake 
calls to other subprocesses. Thus, the informat ion-seeking process can proceed 
along parallel lines of progress and take advantage of opportunit ies arising from  
intermediate or random results’ (Marchionini 1995, 49-51) .  
 
The subprocess of choosing a search system  (Select  Source in Figure 32)  
resonates well with the evidence gathered about  the HEP researchers’ behaviour:  
‘Choosing a search system  is dependent  on the informat ion seeker’s previous 
experience with the task domain, the scope of his or her personal informat ion 
infrast ructure, and the expectat ions about  the answer that  may have been 
formed while defining the problem and the task’ (Marchionini 1995, 52) .  
 
While the generalized subprocesses and extensive and flexible relat ionships 
described by Marchionini (1995)  make the mapping of almost  any directed 
inform at ion-seeking process possible, the model falls short  in covering the non-
directed processes and does not  present  a clear picture that  characterizes a 
specific com m unity such as the HEP com m unity.  
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5 .4  HEP I nform at ion- Seeking Model 
Although exist ing models are applicable to some degree to the informat ion-
seeking pract ices of the HEP community m em bers, such models do not  
adequately describe the full spect rum  of the informat ion-seeking behaviour of the 
HEP scient ists. This work, therefore, aims to suggest  a new model that  leverages 
exist ing models and complements them to provide a comprehensive and accurate 
port rayal of act ive informat ion seeking in the context  of the HEP community.18  
 
The focus is on act ive inform at ion seeking rather than the ent ire range of 
informat ion-seeking behaviour because the act ive behaviour consists of specific, 
describable act ions and hence lends itself to modelling in a clear, comprehensive 
manner. The inclusion of passive informat ion-seeking act ivit ies in the model—
act ivit ies such as part icipat ion in conferences, sem inars, group m eet ings, and 
workshops;  casual m eet ings at  the workplace and discussion at  social events;  and 
the supervision of students, to name just  a few—is likely to make the model too 
com plex and less purposeful . Furtherm ore, because this study aim s to improve 
the act ive informat ion-seeking process of a scient ific community, passive 
behaviour is not  a fundamental aspect  of the discussion.  
 
This work describes both directed and undirected act ive informat ion seeking and 
suggests an inclusive model (Figure 33) . Although the model has two different  
start ing points (a and b) , there is no clear end point , because informat ion seeking 
is a constant  state for HEP researchers. They may sat isfy a specific need and exit  
the process at  any stage, yet  they are always informat ion recept ive and are likely 
to return to the process before long. A later sect ion of this work (  5.5)  focuses on 
informat ion searching, which is considered part  of the overall informat ion-seeking 
process. 
                                          
18
 The aut hor  f irst  present ed t his m odel on June 10,  2010,  at  t he ELAG conference in 
Helsink i as par t  of  a t alk  ent it led Meaningful Relevance Rank ing for  Het erogeneous 
Scholar ly  Mater ials.   
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Figure 33:  I nform at ion- seek ing m odel of HEP researchers 
 
As illust rated in Figure 33, the model describes two processes of act ive 
informat ion seeking:  directed—that  is, searching for informat ion that  can be 
described to som e extent—which starts at  point  a,  and undirected—the scanning 
of informat ion without  having a specific informat ion need in m ind—which starts at  
point  b.  The nodes represent  the interact ion of the searcher with either an 
automated system or real-world elements (such as a physical library or a human 
being)  and are labelled as act ions ( for instance, Receive, Browse, and Focus) , 
while the arrows indicate the course of events. Act ions that  are at  the core of the 
process are framed with solid lines;  act ions that  relate to using a document  or to 
checking addit ional informat ion about  a document , which are therefore dead-end 
sub-processes, are indicated by dot ted lines. Both the directed and the undirected 
informat ion-seeking processes typically involve the researcher’s focusing on a 
specific document . The general model expressed in Figure 33 describes the Focus 
act ion and the act ions that  follow it  that  are relevant  to both processes ( for a 
model of the search process, see  5.5) .  
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The undirected process starts with the Receive act ion:  the researcher obtains a 
list , either by accessing a dedicated Web page or by receiving an autom ated 
update (an RSS feed or an e-mail message, for instance) . Regarding the HEP 
com m unity, all these updat ing opt ions are provided as arXiv services. Such a list  
can also be obtained from  a person—a supervisor, an inst ructor, or a librar ian. A 
list  of references at  the end of an art icle can be considered relevant  to this 
process, too. However, researchers would typically not  regard a list  of references 
as an independent  source of informat ion, detached from  its context ;  they would 
use the list  as m eans to link to another docum ent  that  caught  their  at tent ion 
while they were reading the document  that  contains the list .   
 
The next  act ion is Browse:  the researcher goes through the list  and exam ines the 
items on it .  I n most  cases, only the metadata ( including the abst ract )  is of 
interest  to the user, but  in some cases, the user wishes to exam ine a document  
m ore closely and focuses on it .  The Focus act ion is the intersect ion of the two 
paths—that  of the directed inform at ion seeking and that  of the undirected 
informat ion seeking. 
 
Once the researcher focuses on a docum ent , he or she may wish to check 
addit ional inform at ion that  relates to textual elements and figures given in the 
text . Conceptually, the goal of such behaviour is the ‘expansion’ of the docum ent  
to include, for example, an explanat ion about  a chem ical, a m ap of a place, or a 
t ranslat ion of a word. Other ways of expanding a document  m ight  br ing up earlier 
versions of the art icle or a dataset  that  resulted in a specific graph. 
 
At  this point , the researcher can also decide to use the document ;  that  is, obtain 
the full text  (or other m edia)  and either process it  immediately ( read it  or cite it )  
or gather it  along with other docum ents to process it  at  a later t im e. Regardless 
of usage—immediate or deferred—the researcher m ay choose to navigate to 
other docum ents, following links of various types. While navigat ing, the 
researcher focuses on one docum ent  at  a t ime. The process is iterat ive, and at  
any point , the researcher can choose to cont inue to navigate or to invoke a new 
search, possibly while using metadata elements of the m aterial in focus as search 
term s. 
 
I n the HEP context , the process described in Figure 33 is carr ied out  by m eans of 
several informat ion systems. For example, researchers often start  their day by 
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m onitor ing arXiv for the new submissions added the day before. A researcher 
may then choose the New Subm ission page of the field of interest  ( for example, 
High Energy Physics—Theory)  (Figure 34) .  
 
 
Figure 34:  A page of new subm issions 
 
The researcher would browse the list  and perhaps decide to focus on a specific 
item  and look at  more details or download the document . Once a specific 
docum ent  is in focus, the researcher can start  navigat ing—for exam ple, click an 
author’s nam e to look for other art icles in arXiv by that  author, or, after reading 
the art icle, link to one of the art icles that  it  references. I t  could well be that  the 
researcher decides to invoke a search for other art icles that  discuss a topic raised 
in this art icle. I n this case, researchers are likely to use another informat ion 
system—typically SPI RES but  possibly Google or Google Scholar—and launch a 
new search regarding that  topic.  
 
Once the researcher focuses on an item in SPIRES, more navigat ion opt ions 
become available. For example, the researcher m ay navigate to art icles cit ing the 
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art icle in focus or to art icles sharing the same keywords (Figure 35) . I n addit ion, 
the researcher can link to the full text  of the art icle in arXiv or from  the 
publisher’s site.  
 
 
Figure 35:  A m et adat a record displayed in SPI RES.  
The display enables researchers t o nav igate t o ot her  records.  
 
SPI RES was one of the first  inform at ion systems to present  the number of art icles 
cit ing the art icle in focus and to provide links to these art icles. The citat ion 
informat ion is displayed in several contexts. For example, if the researcher 
chooses to see the references, SPI RES presents the list  of references, each 
followed by a link to a list  of citat ions for that  reference (Figure 36) , thus enabling 
the researcher to follow a scient ific idea back to its or igin or forward to the 
various shapes and flavours that  it  has assumed over t ime.  
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Figure 36:  Reference list  in SRI RES 
 
5 .5  HEP I nform at ion- Searching Model 
As explained earlier, informat ion searching is an act ive, directed process that  is 
part  of the more general act ivity of informat ion seeking. When one of the 
interviewees was asked to describe the kind of act ive searches that  he typically 
carr ies out  and to list  his goals in such searches from  the m ost  com m on to the 
least  common, he provided the following list :  
 
1. See if someone already had the same idea I  have and 
what  happened to the idea 
2. Find evidence to confirm  (or reject )  an idea that  cam e to 
m ind  
3. Find evidence to support  or dispute someone else's theory 
4. Find inform at ion about  a person or a departm ent  
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5. Look at  the evolut ion of an idea—either backward (where 
it  cam e from )  or forward (how it  was received in later 
publicat ions and what  it  led to)  
6. See what 's new in the work of a specific person (or team)  
because I  know that  they are doing interest ing or relevant  
work 
7. Sat isfy m y need to know what 's new, in general, not  
necessarily related to my field 
 
A model of informat ion searching that  addresses all these needs is described in 
Figure 37. Although most  of the discussion about  this model relates to searching 
in automated informat ion systems, the interact ion described applies also to 
querying a human being. Once again, this model—which port rays informat ion-
searching behaviour of the HEP com m unity—is general enough to apply to other 
scient ific com m unit ies.  
 
 
Figure 37:  A m odel of inform at ion searching 
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Unlike the undirected process, searching starts with a perceived inform at ion 
need.  The researcher has an idea of the material required, and in order to query 
the inform at ion system, the researcher converts the perceived inform at ion need 
to an art iculated inform at ion need.   
 
As discussed earlier in this chapter (  5.1) , a query m ay be regarded as 
represent ing the researcher’s hypothesis about  the specific keywords that  are 
found in the required docum ents or at tached to them  as m etadata. For exam ple, 
a researcher m ay be t rying to find a substance that  is both a sem iconductor and a 
superconductor. An opt ion that  crosses the researcher’s m ind is silicon-
germanium. To check whether or not  silicon-germanium matches those criter ia, 
the researcher hypothesizes that  an art icle that  includes the words experim ent ,  
silicon-germ anium ,  and superconduct ivity  would provide the required informat ion.  
 
A successful conversion of the researcher’s perceived informat ion need to an 
art iculated informat ion need depends not  only on the researcher’s abilit y to use 
the appropriate terms in the query but  also on the researcher’s expert ise in 
querying the informat ion system—a knowledge of the query syntax and an 
awareness of other opt ions that  the system  m ight  offer, such as prefilters. From  a 
more general perspect ive, one could say that  the Query act ion in this m odel 
applies also to a natural- language quest ion posed to a hum an.  
 
The dist inct ion between a perceived informat ion need and an art iculated 
informat ion need is crucial to the informat ion-searching process. A failure of the 
system  to return the results that  a researcher is looking for can be at t r ibuted to 
the nature of the need itself (e.g., the informat ion to sat isfy it  may not  exist ) , the 
user’s failure in describing the need in a suitable way, or other factors. 
 
The Query act ion can have three modes:  Explore, Search, and Ask For, depending 
on the informat ion needs and the way they are expressed in queries. Queries 
vary from  being very precise—when researchers describe a specific item—to very 
vague, typically when researchers look for informat ion about  an unfam iliar field 
and thus cannot  define the inform at ion need clearly. For example, in an exact  
search (a search for a specific art icle that  the researcher knows about ) , a 
researcher is likely to enter informat ion such as the art icle’s t it le or the nam es of 
the authors. I n this case, the researcher’s m ode of searching is Ask For, as 
opposed to Search or Explore, even though the technical process is sim ilar for the 
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three modes. I n the Ask For mode of searching, if the document  is well defined by 
the user, the search result  is likely to be only that  item , or, depending on the way 
the query was art iculated, very few item s—for example, the art icle itself, several 
reviews of it ,  and art icles cit ing it .  Furtherm ore, a good relevance- ranking 
algorithm  would posit ion the art icle as the first  item  on the list .   
 
The Explore mode can be exemplif ied by a search for inform at ion in a field 
outside the researcher’s area of expert ise—a HEP researcher looking, for instance, 
for informat ion related to the philosophy of physics, part icular ly informat ion that  
the researcher can use to broaden the scope of an art icle about  physical 
cosmology and the origin of the universe. However, lacking knowledge of the 
philosophy of physics, the researcher is unfam iliar with the m ost  appropriate 
search terms and with the kind of materials that  the query results m ight  offer.  
 
Most  queries, however, are somewhere between these two ext rem es:  researchers 
are fam iliar enough with their  field of interest  to clearly define their inform at ion 
needs yet  do not  know of a specific item  that  would be the ult im ate result . The 
variat ions of the possible queries in this case relate to the amount  of informat ion 
that  the researchers know about  the topic or decide to provide when they convert  
their perceived informat ion needs to art iculated informat ion needs. The more 
informat ion they know and provide, the closer a query is to asking for a specific 
item . This mode of searching, which corresponds to what  we intuit ively perceive 
as searching, can be described as Search m ode. The balance between formulat ing 
a query with too lit t le of the hypothesized informat ion—which can lead to too 
many results—and including too much of the hypothesized informat ion—which 
can elim inate relevant  results—is of great  concern to most  researchers and 
t r iggers a ‘t r ial-and-error ’ m ode of art iculat ing the inform at ion need.  
 
Once a query is subm it ted, the system  displays a result  list  to the researcher. 
Even before scanning the results, the researcher obtains valuable informat ion 
that  the system  has provided:  the num ber of item s on the list  and the system ’s 
suggest ions that  relate to the query (such as Did You Mean…?) or relate to the 
result  list .  The lat ter m ight  include, for exam ple, post -search groupings ( facets or 
clusters19)  and suggest ions for new searches. All this informat ion enables the 
researcher to know right  away if the result  list  is worth explor ing in more depth. 
                                          
19
 Facets and clust ers are discussed at  length in  Chapter  6.  
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For example, a lack of results may signify that  either the inform at ion does not  
exist , there is an error in the query, or that  the art iculated informat ion need 
should be reconsidered. Too m any results may signify that  the query was too 
broad. I n this case, a researcher who does not  have a specific item  in m ind m ight  
m iss relevant  m aterial by assum ing that  the sort ing order placed the desired 
item s at  the top of the list . The system ’s Did You Mean…? suggest ion m ay draw 
the researcher’s at tent ion to a m isspelled name or a variat ion in a term . Topics 
and other inform at ion (date ranges, authors, types of m aterials, languages, 
publishers, journal t it les, and m ore)  that  serve as post -search groupings provide 
a brief summary of the result  list :  by looking at  the terms displayed in these 
groups, the researcher can see the major characterist ics that  the item s on the list  
have in common.  
 
Researchers typically scan the first  items in a result  list  before taking an act ion. 
Even a brief look at  these items usually provides enough clues as to whether the 
researcher is on the r ight  t rack, especially when the list  is sorted by relevance. 
Often the first  item , or one of the first  items, is the requested item—mainly when 
the query m ode is Ask For. I f none of the first  items seems relevant , researchers 
typically re-evaluate their query.  
 
After analysing the first  screen, a researcher chooses one of the following 
opt ions:  
o Focus:  I f the result  list  is sat isfactory and there are results that  seem 
relevant , at  least  at  first  glance, the researcher m ay focus on a specific 
item . 
o Narrow down:  I f there are too many results, the researcher may choose to 
narrow down the list  so that  it  shows only the items that  are more 
relevant .  
o Reformulate:   I f there are no results or the results do not  seem relevant , 
the researcher m ay decide to reform ulate the query.  
 
Narrowing down can be carr ied out  in two ways:  either the researcher takes 
advantage of the system ’s opt ions—perhaps by clicking a facet , such as a specific 
date range, topic, or journal nam e, or by choosing to see only m aterials available 
online—or the researcher decides to modify the art iculated inform at ion need by 
providing more informat ion. For example, a researcher looking for aspects of the 
connect ion between direct  and indirect  dark-mat ter detect ion m ay start  a search 
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with a general query, such as dark mat ter detect ion, to make certain that  no 
m aterials that  relate to dark m at ter detect ion are ignored. However, having 
looked at  the long result  list ,  the researcher m ay decide to add term s to m ake the 
query more specific about  the inform at ion need ( for exam ple, direct  AND 
indirect ) , thus narrowing down the result  list  considerably. Technically, both 
m ethods—using the system ’s opt ions and m odifying the query to be m ore 
specific—yield another search, and the system displays a new result  list .   
 
However, when the researcher decides that  the query was not  adequately 
formulated, he or she needs to reform ulate it .  Reform ulat ion can be m inor or can 
be suggested by the system —when a nam e or term  has been m isspelled, for 
instance—but  there could be a case where the researcher needs to consider the 
informat ion need again. For example, after looking for relat ionships between two 
phenom ena and receiving no documents that  m atch a query that  addresses both, 
the researcher is likely to conclude that  there is no evidence that  these two 
phenomena are related to each other and hence the informat ion need m ust  be 
redefined. I n such cases, the researcher may modify the perceived informat ion 
need and start  the process again.   
 
Once a researcher focuses on a ret r ieved item , the process described in the 
informat ion-seeking model (Figure 33)  takes place.  
 
An exam ple of actual search processes, as described in an e-mail message from  
one of the interviewees, can be seen in the context  of the informat ion-searching 
model, as follows:  
 
Ask For:  
 
I  was look ing for  a paper  I  rem em bered seeing.  I  did not  rem em ber  
t he exact  t it le,  but  I  knew who t he t wo authors were,  and I  
rem em bered t hat  t he ar t icle was published last  year .  I  entered t he 
author  nam es and t he year  of publicat ion and received two ar t icles 
t hat  t hese authors published last  year .  The ar t icle I  was look ing for  
was t he second one.  
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Explore:  
  
When I  was a m em ber  of  t he com m it t ee on appointm ent s and 
prom ot ions and had t o learn about  a candidat e,  I  oft en t r ied t o 
underst and t he “ wor ld m ap"  of f ields of research about  which I  
know next  t o not hing ( e.g. ,  l ife science research) .  I  looked in 
Google for  t he nam e of t he candidat e or  t he nam e of som eone t hat  
wrot e a recom m endat ion for  t his candidat e,  and from  t here I  
cont inued by  click ing var ious sit es t hat  looked relevant .   
 
I  also oft en v isit ed t he sit e of a conference in which t he candidate 
gave a presentat ion and looked at  t he t opics,  t he nam es of t he 
speakers,  et c,  and went  on ( v ia Google)  w it h t hat .  
 
Search:  
Next  week I  need to give a lecture t o a large audience.  The t opic is 
lept on f lavour  v iolat ion—not  m y m ain f ield of research—so I  am  not  
very  knowledgeable about  t he lit erat ure in t his f ield.  I  went  t o 
SPI RES and looked for  rev iews,  ent er ing lepton AND f lavour  AND 
v iolat ion as query t erm s,  and I  received about  180 result s.  The 
result s were sor ted by date,  and because I  was int erested in t he 
newer  rev iews,  I  quick ly  scanned t he list  f rom  the t op,  easily  
ident ify ing t he ar t icles t hat  would be relevant  for  m y t alk .  
 
As explained earlier, the model of informat ion seeking and, specifically, 
informat ion searching does not  depict  a dist inct  beginning and end, as opposed to 
m odels such as that  of Ellis (1989) . Although at  t im es researchers have very 
specific informat ion needs that  can be sat isfied and thus the informat ion-seeking 
process may seem complete, most  informat ion needs are ongoing and last  for 
long periods of t ime. Researchers are always exposed to new informat ion through 
passive channels, which t r igger further act ive searching for related m aterials.  
 
5 .6  Test ing the Model via  the Personas 
Typical informat ion-seeking behaviour of the six personas can be described using 
the model. The descript ions provided in this sect ion illust rate both directed 
inform at ion-seeking act ivit ies—nam ely, searching and navigat ing—and undirected 
informat ion-seeking act ivit ies, part icular ly ways in which scient ists keep abreast  
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of new developm ents in their field. Seven user scenarios were defined and 
demonst rated by means of the informat ion-seeking model and its subcomponent , 
the informat ion-searching model.  
 
The colour scheme used to illust rate the informat ion-seeking and informat ion-
searching processes is described in Figure 38. 
 
 
Figure 38:  Legend for  f igures 39 t hrough 62 
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5 .6 .1  Scenario 1   
Step I  (Figure 39) :  Ed is scanning the new subm issions in arXiv (1) . He sees an 
art icle that  m ay be of relevance to research that  he had in m ind (2)  and reads the 
abst ract  (3) . Ed thinks that  the art icle is worth reading (4) ;  however, he does not  
have t ime to read it  on the spot . He downloads the file and saves it  in his Future 
Readings directory (5) . 
 
 
Figure 39:  The inform at ion- seek ing m odel applied t o scenar io 1,  st ep I  
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Step I I  (Figure 40) :  Ed cont inues to browse through the arXiv list  of new 
subm issions (2)  and is drawn to an art icle that  is related to his current  research 
(3) . He reads the abst ract  and decides to read the whole art icle (4, 5) . After 
reading the art icle, which is writ ten by a group he knows well,  he remembers that  
last  year, one member of that  team published an art icle on a related subject . Ed 
wants to search for that  art icle. (6)   
 
 
Figure 40:  The inform at ion- seek ing m odel applied t o scenar io 1,  st ep I I  
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Step I I I  (Figure 41) :  Ed now turns to SPI RES (1) , where he searches for the 
art icle by the person whom  he remem bers from  the group that  authored the 
art icle he just  read (2) . The system displays four art icles (3) ;  one of them  is the 
art icle that  Ed had in m ind, and Ed focuses on it  (4) . 
 
Figure 41:  The inform at ion- searching m odel applied t o scenar io 1,  st ep I I I  
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5 .6 .2  Scenario 2  
Step I  (Figure 42) :  One of the PhD candidates that  Ed supervises asks for Ed’s 
advice regarding a specific idea that  she has—showing a relat ionship between two 
phenom ena that , at  the outset , do not  seem  to be connected. Ed is not  sure that  
the student  is indeed on the r ight  t rack but  thinks that  checking whether any 
such idea has been previously explored would be worthwhile. Together with the 
student , he uses SPI RES (1)  to search for art icles that  discuss both phenom ena 
(2) . The system  does not  find any results. (3)  Ed suggests a variat ion to the 
query, m aking it  m ore general (4) . 
 
 
Figure 42:  The inform at ion- searching m odel applied t o scenar io 2,  st ep I  
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Step I I  (Figure 43) :  With the revised query, several hundred art icles show up (1) . 
Scanning the list , Ed realizes that  another term  added to the query may narrow 
down the list  and help the student  focus on the item s that  deal with the subject  
that  she is exploring. Ed modifies the query by adding that  term  (2)  and launches 
another search (3) . 
 
 
Figure 43:  The inform at ion- searching m odel applied t o scenar io 2,  st ep I I  
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Step I I I  (Figure 44) :  Having added the new term  to the query (1) , Ed is now 
presented with several dozen results (2) , most  of which look relevant  at  first  
glance. The student  can now exam ine these results (3)  one by one and see 
whether other researchers have invest igated the relat ionship between the two 
phenomena and what  conclusions were reached, if any. 
 
 
Figure 44:  The inform at ion- searching m odel applied t o scenar io 2,  st ep I I I  
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5 .6 .3  Scenario 3  
Step I  (Figure 45) :  Discussing a new direct ion for Laura’s research, her supervisor 
ment ioned a good art icle that  Laura should read. The supervisor sent  Laura an e-
m ail m essage with the nam e of the author and the t it le of the art icle. For this 
type of search, Laura prefers Google, so she pastes the art icle t it le into the 
Google search box (1)  and launches a search (2) . Google displays a short  list  (3) , 
in which the specified art icle is the first  item  on the list  ( the list  also includes the 
author’s version of the art icle on the author’s home page and other art icles that  
refer to the specified art icle) . By clicking the art icle t it le, Laura accesses the 
art icle in arXiv (4) , where she can obtain the art icle’s full text .  
 
 
Figure 45:  The inform at ion- searching m odel applied t o scenar io 3,  st ep I  
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Step I I  (Figure 46) :  Laura downloads the PDF version of the art icle and reads it . 
She realizes that  she should read at  least  one of the art icles cited by the art icle 
that  she just  read so that  she will fully understand the theory under discussion. 
Because there are no hypertext  links to the references, she decides to turn to 
SPI RES rather than search for the references one by one in Google. Laura 
searches for the art icle recommended by her supervisor in SPI RES (1)  (2)  and, 
there, too, receives a short  result  list  (3) . She focuses on the art icle (4) . 
 
 
Figure 46:  The inform at ion- searching m odel applied t o scenar io 3,  st ep I I  
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Step I I I  (Figure 47) :  After focusing on the art icle recomm ended by her supervisor 
(1) , Laura uses the References opt ion in SPI RES, which provides hypertext  
references, to navigate (2)  to one of the cited art icles (3) .  
 
 
Figure 47:  The inform at ion- seek ing m odel applied t o scenar io 3,  st ep I I I  
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Step I V (Figure 48) :  Once the cited art icle is in focus (1) , Laura reads it  and 
decides to follow the path that  the theory presented in this art icle took as it  
became accepted by other researchers. This t im e she uses the Citat ions opt ion in 
SPI RES and navigates (2)  to a third art icle (3) .   
 
 
Figure 48:  The inform at ion- seek ing m odel applied t o scenar io 3,  st ep I V 
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5 .6 .4  Scenario 4  
Kevin is asked by an ex-colleague to comment  on a new development  in the field. 
The new developm ent  is discussed in a paper that  was subm it ted to arXiv a 
couple of weeks earlier, which Kevin not iced but  did not  read;  the arXiv I D is 
noted in the ex-colleague’s e-mail message. 
 
Step I  (Figure 49) :  Kevin uses the arXiv I D to search for the art icle in arXiv (1)  
(2)—obtaining exact ly one search result  (3)—and reads the art icle (4) . He knows 
one of the authors and remem bers that  that  author was involved in another 
project  that  on the face of it  seem s to be dealing with a theory sim ilar to the one 
presented in the art icle. Kevin does not  remember seeing the published results of 
the earlier project , but  he may have m issed them. The way to check whether 
there were such results, he thinks, is to look at  the publicat ions of that  author in 
the last  five years or so.  
 
 
Figure 49:  The inform at ion- searching m odel applied t o scenar io 4,  st ep I  
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Step I I  (Figure 50) :  Kevin launches a new search in arXiv by clicking the nam e of 
the author whose project  results he is seeking (1) . 
 
 
Figure 50:  The inform at ion- seek ing m odel applied t o scenar io 4,  st ep I I  
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Step I I I  (Figure 51) :  arXiv searches for the publicat ions of the author whose work 
Kevin is seeking (1)  and displays the list  (2) . Kevin scans the list  but  does not  
find any art icle on the topic that  he rem em bered.   
 
 
Figure 51:  The inform at ion- searching m odel applied t o scenar io 4,  st ep I I I  
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Step I V (Figure 52) :  Kevin thinks further and decides to go back to a theory that  
was rather revolut ionary at  the end of the 1980s and that  may shed some light  
on the topic that  he is pursuing. He knows that  art icles from that  period will not  
be in arXiv, so he turns to SPI RES (1)  and searches for materials on the theory 
(2) . SPI RES displays too m any results for him  to look at  (3) , although m any seem 
relevant . Kevin decides to narrow down the list  and uses the system ’s opt ion to 
lim it  the results to those that  were cited the most  (4) . I n this way, he hopes to 
get  to the art icle that  first  presented the theory.  
 
 
Figure 52:  The inform at ion- searching m odel applied t o scenar io 4,  st ep I V 
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Step V (Figure 53) :  The new SPI RES search (1)  displays a new result  list  (2) . 
I ndeed, the art icle that  Kevin is looking for is one of the first  on the list . Kevin 
reads the art icle (3) . 
 
 
Figure 53:  The inform at ion- searching m odel applied t o scenar io 4,  st ep V 
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Step VI  (Figure 54) :  After reading the art icle (1) , Kevin decides to see how the 
idea expressed in the art icle influenced later research and navigates (2)  to one of 
the art icles cit ing this one (3) . Next , Kevin m oves on to an even later art icle (1, 
2, 3)  and then feels that  he has enough background to evaluate the new idea that  
he was asked about .  
 
 
Figure 54:  The inform at ion- seek ing m odel applied t o scenar io 4,  st ep VI  
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5 .6 .5  Scenario 5  
Guy has been asked to give a br ief talk on a topic that  is not  in his direct  area of 
research, so he t r ies to locate som e recent  inform at ion about  the topic. Guy 
launches a search in Google, entering seven words that  relate to the topic (1)  
(Figure 55) . Sure enough, although Google returns m any results (2) , Guy can 
spot  four item s on the first  result  page that  are useful—one presentat ion, two 
art icles, and a video clip that  will help him  prepare his talk (3) . He does not  need 
m ore than that . 
 
 
Figure 55:  The inform at ion- searching m odel applied t o scenar io 5 
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5 .6 .6  Scenario 6  
Step I  (Figure 56) :  Hiro is reading an art icle that  was sent  to him  by e-m ail (1) ;  
this art icle is ext rem ely relevant  to a topic that  is he exploring at  the moment . 
However, the art icle’s authors do not  explain som e of the com putat ions that  they 
are rely ing on. These computat ions are sim ilar to some that  Hiro is dealing with, 
so he wants to learn more about  the ones in the art icle. Hiro not ices that  the 
art icle refers to a dataset , which he decides to look at  (2) . The dataset  is 
interest ing but  does not  provide Hiro with enough tools to advance his 
understanding of the com putat ions. 
 
 
Figure 56:  The inform at ion- seek ing m odel applied t o scenar io 6,  st ep I  
 
 A Model of  Scient ist s’ I nform at ion Seek ing and a User - I nter face Design 
Tam ar  Sadeh 
Page 159 
Step I I  (Figure 57) :  Hiro looks in Google for more informat ion about  the specific 
com putat ions m ent ioned in the art icle that  he read (1) . As he expects, he needs 
to m ake several at tem pts (1, 2, 3, 4)  in phrasing the query. 
 
 
Figure 57:  The inform at ion- searching m odel applied t o scenar io 6,  st ep I I  
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Step I I I  (Figure 58) :  Hiro finally enters the query that  brings up the exact  
informat ion that  he needs (1) ;  the computat ions are in a thesis available on an 
inst itut ional Web site (2) . 
 
Figure 58:  The inform at ion- searching m odel applied t o scenar io 6,  st ep I I I  
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5 .6 .7  Scenario 7  
Step I  (Figure 59) :  George is looking for a solut ion to a technical problem that  is 
bothering him . He has exam ined several inst ruments that  he was consider ing 
using for a project , but  they are not  suitable. George decides to use Google to 
search on the I nternet  for the ‘ideal’ inst rum ent  (1) . He phrases his query by 
list ing the at t r ibutes of the desired inst rum ent  (2) , but  the results are 
disappoint ing—all are ir relevant  (3) . After realizing that  there is no such 
inst rum ent , he thinks of another approach and looks for som ething else (4) .  
 
 
Figure 59:  The inform at ion- searching m odel applies t o scenar io 7,  st ep I  
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Step I I  (Figure 60) :  George uses the Google search box again (1)  and looks for a 
different  set  of at t r ibutes (2) . The new results are st ill not  relevant  (3) , but  one of 
the results hints at  a possible direct ion. Re-evaluat ing his need once again, 
George subm its a new query (4) . 
 
Figure 60:  The inform at ion- searching m odel applied t o scenar io 7,  st ep I I  
 
 A Model of  Scient ist s’ I nform at ion Seek ing and a User - I nter face Design 
Tam ar  Sadeh 
Page 163 
Step I I I  (Figure 61) :  Google displays many results, including informat ion about  
two inst ruments that  may be relevant  to George’s project  (1) .  
 
 
Figure 61:  The inform at ion- searching m odel applied t o scenar io 7,  st ep I I I  
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Step I V (Figure 62) :  George searches in SPI RES for informat ion about  the two 
inst ruments (1)  and finds that  these inst ruments were indeed used in some 
previous experim ents (2) . Now George needs to see how he can adapt  one of 
them  to m ake it  suitable for his project . 
 
 
Figure 62:  The inform at ion- searching m odel applied t o scenar io 7,  st ep I V 
 
5 .7  Conclusions 
Many informat ion-seeking models have been proposed in recent  decades;  
however, either they are too general to provide meaningful insights about  the 
HEP community or they apply to only part  of the informat ion-seeking behaviour of 
that  community. The informat ion-seeking model and its subcomponent , an 
informat ion-searching model, presented in this chapter were defined based on 
qualitat ive and quant itat ive research of the HEP informat ion-seeking behaviour 
and in light  of exist ing models. This new informat ion-seeking model, tested in 
seven user scenarios, covers the full spect rum of act ive informat ion seeking of 
the HEP community. Nevertheless, the model is general enough to be applied to 
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other scient ific communit ies as well. Further discussion of the m odel’s 
applicabilit y to other communit ies appears in  Chapter 7.  
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Chapter 6   User- I nterface Design 
Derived from  an I nform at ion- Seeking 
Model 
6 .1  I nt roduct ion 
The model described in  Chapter 5 of this thesis represents the informat ion-
seeking behaviour of high-energy physics (HEP)  com munity m em bers. To carry 
out  their informat ion-seeking pract ices, these researchers are current ly using 
mult iple informat ion systems, as evidenced in the qualitat ive and quant itat ive 
research described in  Chapter 3.  
 
The suite of SPI RES databases, which has been serving the HEP community for 
over three decades (see  Chapter 3) , is being m igrated to a new technological 
plat form , I NSPI RE, under development  since 2008. The m igrat ion to the I NSPIRE 
infrast ructure provides an opportunity to also offer a new user interface. This 
chapter describes a high- level conceptual user- interface design, derived from  the 
informat ion-seeking model described in  Chapter 5, that  is likely to serve the team  
of HEP informat ion specialists who are developing I NSPI RE.  
 
Following the descript ion of the suggested user interface, this chapter presents 
the way in which the user- interface design coheres with the informat ion-seeking 
model descr ibed in  Chapter 5. The personas described in  Chapter 4 are used to 
corroborate the applicabilit y of the user- interface com ponents to HEP researchers.  
6 .2  The Need for  a  New  User- I nterface Design 
The results of the HEP survey launched in the summer of 2007 and described in 
 Chapter 3 indicate that  SPI RES is highly appreciated by the HEP community. 
However, whereas the quality of the SPI RES content  is not  debatable, the user 
interface of SPI RES, in part icular it s search interface, has aroused m uch 
discussion. About  30%  of the respondents referred to the search interface in their 
open-ended answers, half of them praising it  and the other half cr it icizing it .   
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One of the major object ives of the I NSPI RE team  was to determ ine how to bet ter 
serve the community members who are not  happy with the SPI RES user interface 
but  at  the sam e t im e to avoid disappoint ing the avid researchers who have relied 
on SPI RES for m any years and would not  like to see it  changed. I n addit ion, the 
team  needed to consider to what  degree contem porary, non-scholar ly com m unity 
tools should play a role in I NSPI RE. Finding the balance between the desire to 
innovate and the need to keep the m odel that  has been so successful for more 
than three decades is challenging but  necessary:  the survey results show a drift  
toward simpler tools—Google and Google Scholar—among young researchers. The 
new I NSPI RE interface needs to address the expectat ions and the search habits of 
all HEP members, including the younger researchers, so that  it  cont inues to serve 
as the backbone of HEP research.  
 
This chapter is based on a proposal submit ted to the HEP inform at ion specialists 
in June 2009, a proposal that  aimed to provide guidelines and concrete ideas that  
would assist  the team in building the user interface of I NSPI RE. Some of these 
ideas have already been implemented by the I NSPI RE team while others are 
under considerat ion for future versions of I NSPI RE.  
6 .3  Overall Approach to an Actual User- I nterface 
Design 
Although the proposed user- interface design was derived from the informat ion-
seeking model presented in  Chapter 5, the design is an actual proposal;  hence, it  
is offered as a concrete fram ework relat ing to technical infrast ructure, 
development  capabilit ies, and the short - term  and long- term  goals defined by the 
I NSPI RE team .  
 
The proposed user- interface design aims at  improving several aspects of the 
informat ion-seeking pract ices of the HEP com m unity m em bers. These aspects 
emerged during the interviews described in  Chapter 3 (and summarized in 
Appendix A)  and were further highlighted by the survey results, described in 
 Chapter 3.  
 
The goals of the new design are as follows:   
o Provide a comprehensive environment  that  encom passes the various 
informat ion-seeking pract ices of HEP researchers 
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o Leverage the st ructure of scholarly publicat ions to st ream line informat ion-
seeking processes 
o Expand the search scope of I NSPI RE to cover addit ional content  and new 
types of m aterials without  overloading the search results with irrelevant  
materials 
o Reduce the average t ime of informat ion-seeking sessions;  in part icular, 
help researchers who are conduct ing exploratory searches focus on the 
most  relevant  documents 
o Lessen the difficulty of new researchers in learning informat ion-seeking 
pract ices  
o Create an interact ive environm ent  where researchers add informat ion 
act ively, not  just  through writ ing research publicat ions 
o Provide a modern approach to HEP informat ion seeking and maintain the 
innovat ion that  characterizes the scholarly research of the HEP com munity 
6 .4  General Recom m endat ions 
To achieve the goals of the new interface design, the I NSPI RE team  should 
consider following recommendat ions that  are related to the I NSPI RE search scope 
and the handling of researchers’ profiles by the system. Although not  part  of a 
user- interface design, these two issues are crucial for building a comprehensive 
scholarly environment  and offer ing personalized services.  
6 .4 .1  Opening Up the Search Scope 
As evidenced in the survey results, the focus of SPI RES on HEP m aterials is both 
an advantage and a disadvantage (see  Chapter 3) . On the one hand, such a focus 
ensures that  all items received as search results are relevant  and t rustworthy. On 
the other hand, relevant  inform at ion can be m issing when a researcher relies 
solely on SPI RES, part icularly when the researcher is looking for interdisciplinary 
m aterials, m aterials in tangent ial fields, or m aterials that  are not  research art icles 
( reports, lecture notes, presentat ions, and more) .  
 
According to the survey, HEP researchers use several mutually complementary 
inform at ion system s to sat isfy their informat ion needs—primarily SPI RES, arXiv, 
and Google services (Google and Google Scholar) . Although researchers m anage 
to set  up their  environment  in a way that  enables them to use each of these 
inform at ion system s for different  tasks, a t ighter integrat ion between the systems 
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is recom m ended. INSPIRE can achieve such integrat ion by m ashing up20 data and 
services originat ing from  arXiv, Google, Google Scholar, and perhaps other 
inform at ion systems. For example, arXiv’s service of list ing recent  subm issions to 
arXiv is of high relevance to all HEP researchers;  materials that  are not  art icles 
and that  can be found by Google and Google Scholar are of interest  to many HEP 
researchers;  and the opt ion to expand searches to scholarly databases in fields 
that  are tangent ial to HEP—such as the Ast rophysics Data System  (ADS)  or even 
to arXiv (which is not  lim ited to HEP materials)—will make I NSPI RE all the more 
relevant  to researchers. St ill other systems, such as specific subject  gateways, 
may be of value in the future.  
 
To m ash up data and services, I NSPI RE should use technological programming 
interfaces that  would provide access to informat ion systems from  I NSPI RE in a 
way that  is t ransparent  to researchers (although each such inform at ion system  is 
independent  and researchers can access it  direct ly) . 
6 .4 .2  Set t ing Researcher Profiles 
SPI RES is a free service and does not  require researchers to log on so that  the 
system  can ident ify them. However, in order to enable users to personalize 
set t ings and to allow authors to update their personal pages and assert  
authorship of their art icles (when nam e am biguity occurs21) , I NSPI RE m ust  
include a logon mechanism. Support ing authors who want  to carry out  the 
procedure of assert ing authorship of an item  will ease the load of the I NSPI RE 
team  m em bers, who work hard to keep the informat ion in the database accurate. 
                                          
20
 A m ashup is a m ethod by  which a Web applicat ion com bines data or  serv ices from  
two or  m ore sources and offers t he com binat ion as a new serv ice.  
21
 Author  nam es appear  in publicat ions in t he form  required by t he specif ic publishers.  
Thus,  var iat ions such as ‘Sm ith,  John’,  ‘Sm ith,  John W. ’,  ‘Sm it h,  J. ’,  ‘Sm ith,  John 
Wilfred’,  and ‘Sm ith,  JW’ are t reat ed by SPI RES as t he nam es of dif ferent  authors,  
whereas in realit y ,  t hese var iat ions all refer  t o t he sam e author .  Fur therm ore,  
researchers m ay have dif f icult y  ident ify ing authors who have com m on nam es;  for  
exam ple,  ‘Sm ith,  J. ’ m ay apply  t o ‘Sm ith,  John’,  ‘Sm it h,  Jeffery ’,  ‘Sm it h,  Janet ’,  or  
others.  Typically ,  when searching by author ,  researchers m ake t he dist inct ion based on 
fur t her  inform at ion known to t hem , such as t he inst it ut ion w it h which t he author  is 
af f i l iat ed,  t he area of research,  and other  authors of t he sam e ar t icle.  One of t he t asks 
t hat  t he I NSPI RE team  is car ry ing out  consist s of grouping all t he var iat ions of an 
author ’s nam e and associat ing all t he author ’s papers w it h a single aut hor  prof ile.   
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Furtherm ore, authent icat ion is recommended to prevent  malicious use of a 
system and to facilitate t rustworthy cont r ibut ions of informat ion such as rat ings, 
reviews, and tagging. I n the future, an authent icat ion mechanism will also enable 
I NSPI RE to include personalized services, such as relevance ranking tailored to an 
individual’s needs, configured by the individual or autom at ically created through 
the t racking and analysis of the individual’s search and select ion pat terns.  
 
Because most  researchers tend to use their own computer or mobile device, there 
are other techniques that  can be used to set  up a personalized environment  
without  requir ing an explicit  logon—such as the use of ‘cookies’22 stored on the 
researcher’s com puter. Such an approach is likely to be more popular among HEP 
researchers but  may be less accurate—for example, when a researcher uses 
several devices—and will st ill not  accommodate services such as assert ing 
ownership of an item . Another approach could involve an init ial logon, but  the 
system would retain the user credent ials from  one session to another through the 
use of ‘cookies’ (sim ilar to the Google approach) , elim inat ing the need to log on 
every day.  
6 .5  Requirem ents for  HEP User I nterface 
The proposal for the I NSPI RE user interface takes into account  the following 
requirements, assembled by the author on the basis of the research described in 
 Chapter 3 and correspondence with the HEP informat ion specialists:  
 
o Serving as the major informat ion system of the HEP community, the user 
interface m ust  be sim ple, st raight forward, and clear. I t  should not  require 
t raining. 
 
o The user interface should be extensible and flexible enough to allow the 
I NSPI RE team  to develop it  over t im e and to m odify features, add new 
features, and rem ove features that  turn out  to be not  as useful as 
ant icipated. Such changes should be easy to carry out  on an ongoing basis 
                                          
22
 A cook ie is t ex tual inform at ion st ored by a Web browser  on t he user ’s com puter .  By  
using cook ies,  an applicat ion—such as I NSPI RE—can store inform at ion t hat  it  needs for  
authent icat ing t he user  and set t ing t he user ’s preferences.  
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and should not  cause confusion or frust rat ion on the part  of the 
researchers.  
 
o Com m unity tools such as those that  enable researchers to tag and review 
art icles should be added in such a way that  enables the I NSPI RE team  to 
carefully m onitor and evaluate the use of these tools. The implem entat ion 
of the tools should reflect  the scient ific nature of the community. 
 
o Because many HEP scient ists show t remendous loyalty to SPI RES and do 
not  see a need for a change, the system should offer a ‘classic’ interface 
opt ion, which will be very sim ilar to the t radit ional SPI RES interface from 
the researcher’s point  of view, in addit ion to the new, m ore revolut ionary 
interface. Researchers should be able to set  the preferred interface as the 
default  opt ion. 
 
o The system should be easy to use and enable researchers to custom ize the 
interface to their  needs. The system ’s default  set t ings should reflect  the 
requirements of the majority of researchers and ease their t ransit ion to 
the new interface.  
 
o The system should provide guidance and suggest ions at  the point  of need 
and refrain from  relying on the researcher’s memory, part icular ly in regard 
to authors’ nam es and journal t it les. 
 
o As described later in this chapter, various design elements and services 
may be of interest  to HEP researchers. However, in order not  to clut ter the 
screen with opt ions that  are of no interest  to a specific researcher or in a 
specific context , researchers m ust  have cont rol over the elements that  
m ake up the screen. That  is, researchers should be able to choose and 
posit ion the screen elements that  they prefer, thus arranging their 
com puter ‘desktop’ to accom m odate their exact  needs, their way of 
thinking, and their expert ise. Such setup opt ions should be plat form  
dependent :  for example, when accessing I NSPIRE from  a m obile device, a 
researcher may wish to see only the basic screen elem ents, whereas on 
the com puter, the researcher m ight  prefer more rather than fewer screen 
elem ents. Furthermore, the default  interface should be applicable to most  
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researchers so that  they do not  have to modify it  in order to start  working 
with the system. 
 
o Regarding search syntax, the system should support  both Google- like 
searching—allowing researchers to enter a few term s and, opt ionally, a 
Boolean operator, as they do when they search in Google—and the 
SPI RES- format ted searching that  exists in SPI RES today ( for example, f ind 
author gross, e and t it le higgs and date >  1997 for finding art icles that  
were authored by E. Gross, have ‘higgs’ in the t it le, and were published 
after 1997) .  
 
o The system needs to support  a t radit ional search process whereby the 
researcher enters a query and browses through a list  of results. However, 
the system should also offer tools that  help the researcher bet ter grasp 
the content  of long result  lists and use various criter ia to drill down to 
subsets of such lists. The system  should also offer navigat ion tools that  
enable researchers to find materials that  are not  displayed in the result  
list .  For example, if a researcher is focusing on a given art icle, the system 
should be able to offer links to art icles that  were published in proceedings 
from  the sam e conference as the art icle in focus, that  were writ ten by 
other members of the department  with which the art icle’s author is 
affiliated, or that  were viewed during the sam e search session by 
researchers who looked at  the given art icle. Furthermore, the system 
should be able to present  items that  are not  art icles but  are related to the 
art icle in focus, such as datasets, reports, and lecture notes.  
6 .6  Com put ing Requirem ents 
The assum pt ion underlying the design presented in this chapter is that  HEP 
researchers are equipped with up- to-date computers and I nternet  browsers and 
will increasingly access the system  using m obile devices as well.  Most  interact ions 
with the system will be through personal or laptop computers rather than through 
public term inals. 
6 .7  Accessibility 
The system should adhere to the internat ional accessibilit y guidelines published 
by the World Wide Web Consort ium ’s internat ional accessibilit y guidelines (Web 
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Content  Accessibilit y Guidelines 2.0;  ht tp: / / www.w3.org/ TR/ WCAG20/ )—and to 
the United States governm ent ’s accessibilit y guidelines (Sect ion 508 of the US 
Rehabilitat ion Act ;  ht tp: / / www.sect ion508.gov/ ) .  
 
The suggested design relies on JavaScript  for enhanced usabilit y. However, if 
JavaScript  is disabled in the user’s computer, an alternat ive display can be 
offered. To support  both types of display, som e program m ing effort  is required. 
For example, screen elements that  can be expanded and collapsed will always be 
expanded when JavaScript  is disabled. Furthermore, because it  is recom m ended 
that  the current  design of SPI RES be retained as the I NSPIRE ‘classic’ style—
which conforms to the accessibilit y guidelines—adherence to accessibility 
guidelines will st ill be achieved.  
 
6 .8  General Layout  
An I NSPI RE Web page should be built  of t iles—rectangles that  contain data 
elem ents and related services—that  interact  with each to provide a complete user 
experience. An example of a t ile-based screen is the iGoogle window (Figure 63) . 
I n the context  of I NSPI RE, faceted browsing (see  6.14.3) , for example, is a 
funct ionalit y that  is offered through a single t ile that  can be placed to the left  or 
r ight  of a result  list .   
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Figure 63:  An iGoogle t i le- based screen 
 
A researcher can add or remove a t ile, expand and collapse t iles, and arrange 
them  to create a layout  that  suits the researcher’s needs ( for example, the 
researcher m ight  put  a t ile displaying the recent  subm issions to arXiv at  the top 
of the screen) .  
 
The major sect ions of the proposed screen are as follows (Figure 64) :   
o Banner :  the I NSPI RE branding area 
o Personalized services:  the logon area, saved records, opt ions for set t ing 
a personal profile, and so on 
o Search set t ings:  the type of search (e.g., search for art icles, authors, or 
conferences)  and the search scope 
o Search box :  the query ent ry box, a link to the advanced search funct ion, 
and a reset  but ton for start ing the query over 
o List  header :  the number of items on the result  list  
o Sort ing order :  the act ive sort ing order, such as by date in descending 
order;  researchers can change the order 
o Selected facets ( if facets were selected for dr illing down in a list ) :  the 
facet  values that  the researcher selected;  these values serve as a 
navigat ional ‘breadcrumb’ t rail 
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o General services:  recent  post ings to arXiv, news, popular queries, 
suggested new searches, and so on 
o Faceted brow sing  area:  facet  categorizat ion with expandable lists of 
values  
o Result  list :  br ief informat ion about  each item , accompanied by a lim ited 
num ber of services (e.g., an opt ion to download the citat ion)  and a link to 
the full text . Each item  can be expanded to include m ore details, offer 
more services, and provide navigat ion to related items. Some navigat ion 
opt ions are displayed on separate t iles. 
o Navigat ional services that  apply to the expanded item  ( the result  
that  is in focus) :  a list  of references, list  of citat ions, recom m ended 
reading, and so on 
  
 
Figure 64:  The general layout  of t he proposed I NSPI RE screen 
 
More thorough descript ions of the screen sect ions are provided later in this 
chapter. Detailed screen elements, such as the select ion of mult iple results and 
the navigat ion to the next  and previous pages, need to be added as part  of a 
detailed design. 
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Tiles can be mult iplied by the researcher as necessary. For example, when an 
art icle is in focus, the system displays one or m ore t iles that  include links to 
related materials (each type of link has a dedicated t ile) . The predefined set  of 
t iles can be m odified by the individual users. A researcher who does not  wish to 
see the links to recommended art icles, for example, can remove the t ile.  
6 .8 .1  Ent it ies to Be Searched 
I n addit ion to scholar ly m aterials, SPI RES keeps t rack of other informat ion 
ent it ies such as researchers, inst itut ions, and conferences. Each such inform at ion 
ent ity can be the ult im ate target  of a search or can be only a m eans for a 
researcher to navigate from  one art icle to another. For example, a researcher 
m ay want  to look for a part icular conference to find out  about  it s content  or to 
use the conference item  as a start ing point  for navigat ion—for m oving to papers 
presented at  the conference. The I NSPI RE system should enable the researcher to 
select  the type of m aterial that  is the target  of the specific search:  scholarly 
publicat ions ( the default  opt ion) , people, conferences, or inst itut ions.  
 
I n addit ion, navigat ional links that  the system provides for each item  should 
enable researchers to navigate from  one type of inform at ion ent ity to another 
ent ity of the sam e type or a different  type. 
6 .8 .1 .1  Scholar ly Materia ls 
Art icles are the obvious search targets, so the interface needs to be opt im ized for 
searching for them. Other types of scholarly materials include books, conference 
proceedings, reviews, lecture notes, reports, and video clips. Scholarly materials, 
as a whole, should be set  as the default  ent it ies to be searched. After the search, 
the researcher can use the m aterial type facet  to refine a result  list  to show 
specific types of m aterials. Researchers can also specify the type of material as 
part  of the query, as they already do today.  
6 .8 .1 .2  People 
Finding an author is a common path to finding relevant  materials. The system 
should enable researchers to find people easily. For historical reasons, ambiguity 
of author names is common in SPI RES searches;  hence, autom ated suggest ions 
are needed to make researchers aware of all the name variat ions of an author. 
Such suggest ions also enable researchers to overcom e inaccurate spellings of 
nam es. When looking for papers by authors, researchers must  have a way to look 
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for papers writ ten by individuals (as opposed to papers result ing from a 
collaborat ion23) . 
 
The result  of an author search should display an author page list ing the 
publicat ions writ ten by the author and other details, such as the affiliat ion, the 
professional history, and the author’s students ( this type of informat ion is already 
offered in SPI RES) . Researchers should be able to navigate from  an author page 
to art icles writ ten by the author.  
 
Authent icated com m unity m em bers should be able to edit  their  own pages and to 
‘claim ’ art icles that  they have writ ten, thus helping solve the ambiguity of author 
nam es. Com m unity mem bers should be able to inform  the I NSPI RE team  of 
ownership inaccuracies related to papers by other authors but  should not  be 
authorized to fix such inaccuracies themselves. An author page should include 
text  added by the author and links to related sites, such as the personal page of 
the author on the inst itut ion’s Web site. There should be an opt ion for adding a 
picture.  
6 .8 .1 .3  Conferences 
Conferences are of interest  to some researchers. The researchers should be able 
to navigate to m aterials presented at  the conference, including presentat ions, if 
available in I NSPI RE, and to related conferences.  
6 .8 .1 .4  I nst itut ions 
I nst itut ions can serve as a hub for finding people and publicat ions. 
6 .8 .2  Search I nterface 
Although the t radit ional process of subm it t ing a query, skim m ing the result  list , 
and select ing one or more items from the list  is st ill relevant  for all researchers, 
they tend to invest  less t im e in art iculat ing a query and spend m ore t im e 
processing the results. Furthermore, researchers st r ive to find an anchor—one 
item  that  is relevant  to their needs—and then accumulate other items of interest  
                                          
23
 Many proj ect s in t he HEP dom ain are car r ied out  by collaborat ions of t housands of 
researchers.  Papers t hat  are t he out com e of such proj ect s are subm it t ed by all 
collaborat ion m em bers and hence have t housands of author  nam es.   
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through navigat ion from the anchor item  to other items, using a web of links that  
is provided by the system.  
 
As discussed in  Chapter 5, a search can be for a known item  (Ask For  in the 
informat ion-searching model) , in which case the researcher is likely to type or 
paste an art icle t it le, an arXiv I D, an author nam e, or a com binat ion of any of 
these in the search box and receive a relat ively small number of results;  it  can be 
an exploratory search (Search in the informat ion-searching model) , in which case 
the system may display a large number of results and m ust  provide researchers 
with tools to sort  them  out ;  or it  can be a search related to an unknown area 
(Explore in the informat ion-searching model) , in which case the system should 
provide suggest ions for new queries in addit ion to the tools that  can help 
researchers refine the result  list . I n all these cases, the system should facilitate 
the m odificat ion of an exist ing query and the creat ion of a new query. 
 
When searching, researchers convert  their perceived informat ion need into an 
art iculated inform at ion need, that  is, a combinat ion of search term s (a query)  and 
pre-search select ions that  characterize the requested results and thus narrow 
down the search scope. Such pre-search select ions may include the type of 
m aterials (such as art icle, review, book, or lecture notes) , the language in which 
the m aterials were writ ten, and, in a search environm ent  that  covers m ult iple 
informat ion repositor ies, the repository in which the system should search. 
Researchers can use default  values for such set t ings or change the set t ings as 
appropriate.   
 
Two pre-search select ions are proposed for INSPI RE:  the ent it ies to be searched 
(see  6.8.1)  and the search scope. 
6 .8 .3  Query 
The default  interface should allow for both Google- like queries (e.g., one or more 
search terms, quotat ion m arks for exact  phrases, some Boolean operators, and 
com m ands such as define: )  and queries that  adhere to the syntax that  is offered 
today by SPI RES—for exam ple, a SPI RES query for an art icle that  has ‘quark’ as 
part  of the t it le field, was writ ten by Burton Richter, and was published in 1984 or 
later would look like this:  f t  quark and a r ichter, burton and not  date <  1984.  
The system needs to be able to parse both types of queries and interpret  them . 
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I n addit ion, an advanced search form  should be offered as an opt ion. The 
system ’s default  set t ing should be the basic search, but  researchers should be 
able to set  the advanced search as their default  opt ion.  
 
The advanced search form  should display field values (based on the actual data in 
the system—author nam es, publicat ion t it les, inst itut ion nam es, journal t it les, and 
so on)  as the researcher is entering the query. For example, the researcher starts 
typing an author name, and the system immediately displays actual author 
nam es that  correspond to the typed let ters, narrowing down the list  as m ore 
let ters are typed. I n addit ion, a list  of values ( for exam ple, journal t it les and 
m aterial types)  is displayed when relevant  and upon request , but  the researcher 
is always able to type a value rather than choose it  from  the list . 
 
The query box should be available at  the top and bot tom  of each page. I n both 
locat ions, the query box should include a new-query opt ion as well as the query 
at  hand, because the lat ter provides the context  for the result  list  and because 
people often add query words to narrow down searches. I f the page displays an 
item  to which the researcher navigated (not  a search result ) , the query box is 
em pty.  
 
The researcher can explicit ly expand the search scope to cover other scholarly 
databases, Amazon, Google, and Google Scholar. The system  can offer this 
funct ionalit y either by including results obtained from other informat ion systems 
in the search results or by offer ing addit ional results that  are not  blended with the 
main results, pr imarily when results are obtained from  systems that  are of a 
different  nature, such as Google.  
 
To enable researchers to search in addit ional databases that  are sim ilar in nature 
to the SPI RES databases, the search interface needs to include a list  of such 
databases;  the system  should enable the researcher to select  one or more 
resources from  the list . I f the num ber of resources on that  list  is seven or less, 
the system should display all resources;  otherwise the display should be 
organized in expandable groups, by topic or by proxim ity to the HEP discipline, 
and allow mult iple select ions. Researchers can set  their own default  scope and, if 
they adhere to the system ’s default  scope, they can collapse this opt ion 
altogether (but  can expand it  at  a later stage) .  
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I t  is recom m ended that  I NSPI RE sim ultaneously search in inform at ion system s 
that  are loosely related to HEP, such as Google, and place the results on 
designated screen t iles, one t ile per informat ion system. The researcher can link 
to each result  or, when relevant , switch to the informat ion system ’s interface to 
see the search results there. 
 
I f the researcher selects one or more facet  values to narrow down a search (see 
 6.14.3) , the selected values should be displayed as a breadcrum b t rail below the 
query and the system should allow the researcher to deselect  any of the values, 
regardless of the order in which the researcher selected them. For example, the 
researcher narrows down an init ial search by m aterial type, year range, and 
journal t it le, yielding the following breadcrum b t rail:  Reviews >  2005-2010 >  
I nternat ional Journal of Modern Physics A ( I JMPA) .  Now the researcher decides to 
rem ove the date range, so the system displays just  the material type and journal 
t it le:  Reviews >  I nternat ional Journal of Modern Physics A ( I JMPA) .   
6 .8 .4  Result  List  and Full- Record Display 
The result  list  proposed for I NSPI RE has the following characterist ics:  
o I f there are no results or the number is very small,  the system  offers 
alternat ive terms (Did you mean…?) . The system automat ically expands 
the search to include related terms, predefined in the system, such as 
Brit ish and American spellings of the sam e word, singular and plural form s 
of nouns, and general or discipline-specific acronyms along with their 
spelled-out  version (e.g., SUSY and supersym m etry) .  
o There is more than one sort ing order, and researchers can set  their 
preferred sort ing order as a personal default  set t ing. The sort ing order can 
be by date (descending and ascending) , relevance to the query (without  
addit ional considerat ions such as popular ity or citat ion rate) , and num ber 
of citat ions. An opt ional sort ing order could be popularity (number of 
people who have demonst rated interest  in the item)  and a combinat ion of 
all of the previous factors ( relevance to the query, date, num ber of 
citat ions, and popularit y) . The system can determ ine the popularity sort ing 
order by quant ifying the kind of interest  that  people showed in an item  
(whether they looked at  the full- record display, downloaded the full text , 
or saved the citat ion, for example) .  
o The heading of the result  list  specifies the number of results and the 
sort ing order, which the researcher can m odify.  
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o The system suggests new searches based on an analysis of the query and 
the result  list .  For example, the system could suggest  searching for topics 
(keywords)  that  character ize the list  or for term s that  are related to those 
used in the query, helping researchers avoid dead ends in their searching 
process.  
o Faceted browsing is offered to enable a researcher to narrow down large 
result  lists, by the type of material,  date range, topic, journal t it le, 
publisher nam e, collaborat ion, inst itut ion, online availabilit y, or other 
factors. Researchers can rem ove facets that  are not  helpful for them ;  for 
example, a researcher who is not  fam iliar with publishers may decide not  
to have the publisher facet  displayed on the screen. A discussion of 
faceted browsing in greater detail is provided later in this chapter (  6.14.3) .  
o The num ber of results per page can be custom ized. The default  num ber is 
25, and researchers can set  any other number as their preference. 
o Services are offered for a whole page or for specific item s. The researcher 
can select  some or all it ems displayed on the page and request  a service 
such as print ing, downloading citat ions in a specific format , ‘pushing’ 
citat ions to another tool, and sending items by e-mail.   
o The system init ially displays only basic informat ion for each item , but  each 
record can be expanded—on the sam e screen—to show the details of the 
full record. The basic informat ion includes the t it le, authors and their 
inst itut ion (or collaborat ion) , the publicat ion date, citat ion informat ion, and 
the num ber of citat ions. Online availabilit y is displayed prom inent ly, 
including a link to the full text . I n addit ion to offering a link to the full text  
in arXiv—if the full text  is available from there—the system displays a link 
to the published version, if it  exists. For researchers affiliated with 
inst itut ions that  implem ented an OpenURL link resolver, an OpenURL is 
added for each item . The use of the OpenURL enables researchers to 
access the copy of the full text  for which their inst itut ion has a 
subscript ion. 
o I f an abst ract  is available, the system  offers it  as part  of the full record 
display and highlights query words that  appear in the abst ract .  
o I f full text  is used for the search and the item  was selected because of 
words that  appear in the full text , the system embeds—in the full record 
display—a snippet  from the text  that  includes the query words. Query 
words are highlighted wherever they appear.  
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o The full- record display includes only the informat ion that  is helpful to the 
researcher. I nform at ion that  is not  likely to differ from  one record to 
another, such as the list  of arXiv m irror sites, is collapsed by default  but  
expandable upon request . The researcher can set  one site as a personal 
preference and change the select ion when needed. 
o The full- record display may include links to informat ion elements that  
relate to the art icle, such as datasets, spreadsheets, images, and video 
clips.  
6 .9  Navigat ion from  a Selected I tem  
Every selected item  should be considered a start ing point  from  which the 
researcher can navigate to other items. Navigat ional links should represent  the 
associat ions discussed in  Chapter 5 and should be derived from  the metadata 
fields of the item  and from  inform at ion gathered by the system , such as usage 
data. Once the researcher navigates to a new item , that  item  becomes the main 
item  on the screen and can offer navigat ional links to further item s. The 
researcher can thus follow a web of links that  characterize scholarly publicat ions.  
 
The I NSPI RE system  should offer navigat ion through various m ethods, which can 
include m etadata fields, references, citat ions, tags, and suggest ions.  
6 .9 .1  Metadata Fields 
Som e m etadata fields can serve for navigat ion to item s that  share the fields’ 
values with the item  in focus. A researcher who clicks a field such as conference, 
for example, expects to see works that  were presented at  the same conference as 
the item  in focus. The system  perform s a new search—with the clicked term  as 
the search term —and displays a new result  list .  
6 .9 .2  References 
Every reference should include one or more hypertext  links to the full text  of the 
item  itself on arXiv and on the publisher’s site when the full text  is available in 
either of these locat ions, and also to the m etadata item  in I NSPI RE, if it  exists in 
I NSPI RE. I f the full text  is not  available to the researcher, the system  should 
display only the I NSPI RE record, if it  exists. I f the full text  is not  available online, 
other inst itut ional services such as informat ion about  print  holdings and document  
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delivery should be displayed ( these can be generated by an inst itut ional link 
resolver) . 
6 .9 .3  Citat ions 
The inform at ion about  art icles ( indexed in SPI RES and I NSPI RE)  that  cite the 
art icle in focus is gathered by SPI RES (and INSPI RE) . Links to such art icles should 
follow the sam e guidelines as for references ( full text , I NSPI RE record, and 
inst itut ional services, when applicable;  see  6.9.2) .  
6 .9 .4  Tags 
Tags are expected in today’s systems, but  in the HEP context , the implementat ion 
of tags can be considered of low prior ity.  
 
When a researcher clicks a tag, the system  displays other docum ents that  share 
that  tag. Tags should be displayed in two groups:  a personal group, where the 
researcher sees other docum ents to which he or she assigned the sam e tag;  and 
a community group, where the researcher sees documents to which the tag was 
assigned by all community members.24  
6 .9 .5  Suggest ions 
The I NSPI RE system should provide a list  of suggested art icles, sim ilar to 
Amazon.com ’s “Customers who viewed this also viewed…”  suggest ions. The list  is 
based on an analysis of the informat ion-seeking behaviour of researchers as 
recorded by the system over t im e. 
  
6 .1 0  Navigat ion Opt ions Not  Related to Searches 
General navigat ion opt ions should appear on the screen regardless of the query. 
Each such opt ion is displayed as a separate t ile,  and researchers can remove any 
of these t iles. The following opt ions are proposed:   
o Recent  Papers in My Area: recent ly published art icles, as per a set  of 
preferences defined by the researcher. This arXiv service, which provides 
such lists of recent  publicat ions, can be incorporated in this t ile. The 
researcher can click the t ile to navigate to the full list  in arXiv. The 
                                          
24
 Tags gain relevance only  when t here is enough act iv it y  around t hem —t hat  is,  enough 
researchers def ine t ags t hat  are of a general nature and assign t hem  t o records.   
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researcher can define several such t iles and set  preferences for each, thus 
monitor ing several research areas. 
o My Recent  Queries:  recent  queries within current  session. The 
researcher can click a query to re- launch it .  
o Recent  Queries:  a list  of the community’s recent  queries. The researcher 
can click a query to launch it .   
o Popular Queries in the Last  W eek :  a list  of the community’s popular 
queries in the last  week. The researcher can click a query to launch it .   
o Recom m ended art icles:  a list  of art icles that  com m unity m em bers have 
recommended explicit ly . The list  should be sorted by date. 
o My I tem s:  records marked during the current  session. I f the researcher 
has logged on, records can be saved from  session to session. 
 
6 .1 1  Services 
Services should be offered for a specific record, for mult iple selected records on a 
single page, or for a page of results. The system should enable the researcher to 
select  and deselect  parts of the list  on each page.   
 
Some services, such as rat ing and reviewing items and sending correct ions to the 
I NSPI RE team, apply only to a specific record and should appear in the context  of 
a full- record display. Other services, such as print ing, downloading, saving, 
tagging, and sending by e-mail,  can apply to a selected list .  
  
6 .1 2  Com m unity Tools 
Although tools that  enable social networking are becom ing popular in other 
domains, the inclusion of such tools in the context  of I NSPI RE is quest ionable:  for 
scient ists, writ ing a review is considered an important  work- related task ( typically 
they would publish a form al review) , and hence m ost  researchers would not  write 
brief reviews or rate items in I NSPI RE. Furthermore, social networking typically 
requires that  the researcher be ident ified by the system;  HEP researchers are not  
accustomed to logging on to SPI RES and arXiv and hence will be even less likely 
to use social networking tools.  
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However, som e researchers are expected to review items as part  of their service 
to the com m unity. 
6 .1 2 .1  Review s and Rat ings 
Researchers can assign a rat ing to a record. To make the rat ing more m eaningful, 
assigning it  should be in conjunct ion with writ ing a short  review, although the 
researcher can refrain from  doing either.  
6 .1 2 .2  Tagging 
Researchers can assign tags and keep them private or designate them for public 
use. As a researcher types a tag let ter by let ter, the system  should display a 
choice of exist ing relevant  tags that  start  with the sam e let ters. 
6 .1 2 .3  Recom m endat ions 
Unlike the autom ated suggest ions derived from  the system ’s m onitor ing of the 
community’s informat ion-seeking behaviour ( ‘people who looked at  this item  also 
looked at…’;  see  6.9.5) , recom m endat ions in the community area are provided 
explicit ly by researchers who are logged on to the system. Once there is a great  
enough volum e of recom m endat ions, the list  of recommended art icles can be 
displayed as part  of the general services, and recom m endat ions can be shown 
along with the items that  they describe. 
 
6 .1 3  Researcher Preferences 
Researchers who are logged on can set  their preferences, such as the number of 
results per page, the search scope, the sort ing order, the t iles they want  to see 
on their desktop, and the arrangement  of the t iles on the screen. These set t ings 
can also be saved as ‘cookies’, in which case the system will always use the most  
recent  set t ings on the specific com puter or m obile device.  
 
6 .1 4  The Researcher’s W orkflow   
The suggested workflow for the new Web interface is illust rated in the figures in 
this sect ion. The schemes presented in these figures do not  at tem pt  to cover the 
full spect rum of opt ions;  rather, they illust rate the main components and the 
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interact ion between them . (A m ore detailed descript ion of the suggested m ain 
screen is provided in Figure 64)   
 
The workflow is described under the assumpt ion that  all basic components are 
present  on the screen.25 
6 .1 4 .1  Entering the System  
There are two ent ry points to the Web interface of I NSPIRE:  the researcher can 
enter the system for the purpose of looking for informat ion, either by act ive 
searching or by monitoring informat ion that  is ‘pushed’ to the researcher by the 
system (Figure 65) ;  or the researcher can navigate to a specific item  in the 
system  by following a link offered by another system  such as a reference 
management  tool or a Web search engine. I n the lat ter case, the ent ry point  is 
the one described in  6.14.5.  
 
 
Figure 65:  Main ent ry  point  t o t he I NSPI RE Web inter face.  
The inform at ion- seek ing process begins at  t his point .  The query  box ( out lined in 
red)  serves as t he init ial st ep for  direct ed searches.  
 
                                          
25
 Researchers m ay decide t o rem ove screen com ponent s,  in which case t he workf low 
m ay dif fer  f rom  the one i l lust rat ed here.  I f  fewer  com ponent s are present ,  less 
funct ionalit y  is of fered.  For  exam ple,  if  t he facet ed browsing t i le is rem oved,  t he only  
way t he researcher  can nar row down a result  l ist  is by adding a query  t erm .  
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Upon entering the system, the researcher can take advantage of the general 
services (see  6.10) , which are already displayed as per the researcher’s 
preferences, for an undirected informat ion-seeking process. These services may 
include the list  of recent  subm ission from  arXiv and news from  other sources. The 
researcher can also start  an act ive, directed informat ion-seeking process by 
entering a query. 
6 .1 4 .2  Querying 
Once a researcher enters a query, a result  list  is displayed (Figure 66) .  
 
Figure 66:  Result  l ist  ( it em s in yellow)  displayed as a response t o a query  
 
Depending on the search opt ions set  by the researcher, the result  list  may include 
scholarly publicat ions, authors, conferences, or inst itut ions. The suggested 
workflow is the sam e for all ent it ies, but  the opt ions that  are available at  each 
stage differ depending on the ret r ieved ent ity’s type.  
 
The researcher now has several opt ions:  
o I f the researcher decides that  the results are not  relevant  to her 
informat ion need, she can modify the query or enter a new query, 
obtaining a new result  list .  
o I f the result  list  is too long, the researcher can refine the list  by adding 
query term s and subm it t ing the revised query or by using the faceted 
browsing opt ions. 
o I f an item  of interest  is displayed on the screen, the researcher can use 
the item  immediately ( typically, the researcher would obtain the full text  
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of the item) . The researcher can also focus on the item  by choosing it , in 
which case the system displays more details about  the item  and all the 
item s that  are related to the item  in focus.   
6 .1 4 .3  Faceted Brow sing 
The system can exploit  the result  list  by analysing it  and present ing it  as a 
mult idim ensional st ructure in which items are grouped in a way that  corresponds 
to common methods of classifying inform at ion;  researchers can then exam ine the 
list  from  various angles, gaining a bet ter understanding of its content  and its 
relevance to their query.   
 
The system can group records in a result  list  by using system-predefined 
metadata fields that  are available for each item  on the list  and can be regarded as 
at t r ibutes of the item . Such at t r ibutes include subject , author, type of m aterial, 
journal t it le, and year of publicat ion. Som e at t r ibutes can have only one value, 
such as the year of publicat ion, while other at t r ibutes—for example, author and 
subject—can have m ult iple values. The values for the subject  at t r ibute can be 
derived from  an authoritat ive list  such as the Physics and Ast ronom y 
Classificat ion Schem e (PACS) . 
 
The system can display mult iple dimensions of a result  list  by present ing the list  
of at t r ibutes alongside the result  list  and, for each such at t r ibute, a list  of the 
values that  are shared by the records in that  group ( for example, one of the 
at t r ibutes could be the type of item , with the values book ,  j ournal,  art icle,  and so 
on) . Each t im e the researcher selects a value, the result  list  is redisplayed to 
show all the items that  share that  value. I n this manner, the system enables the 
researcher to look at  the results from  different  angles, each t im e focusing on a 
specific characterist ic of the result  list . Furthermore, the list  of at t r ibutes with 
their values provides a summary of the results:  at  a glance, the researcher can 
see which topics characterize the result  list ,  which types of items the list  contains, 
in which journals art icles are published, and so on. As Hearst  (2006)  explains, 
such interface ‘shows previews of where to go next , and how to return to 
previous states in the explorat ion, while seam lessly integrat ing free text  search 
within the category st ructure. The approach reduces mental work by promot ing 
recognit ion over recall and suggest ing logical but  perhaps unexpected alternat ives 
at  every turn, while at  the same t ime avoiding empty results sets. This organizing 
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st ructure for results and for subsequent queries can act  as scaffolding for 
explorat ion and discovery.’ (Hearst  2006, 61) .  
 
The system has two ways of ident ify ing the values of the at t r ibutes that  will 
const itute the mult iple dimensions of a result  list .  I n one method, typically 
referred to as faceted categorizat ion or faceted browsing,  the system groups the 
results on the basis of one at t r ibute at  a t im e—ext racted from  the st ructured, 
library-defined m etadata—such as date of publicat ion or subject . I n the second 
m ethod, typically referred to as clustering,  the system scans numerous metadata 
fields of each record and ext racts phrases that  are repeated in mult iple records. 
For instance, the system locates the phrase ‘I nt roduct ion to Seiberg-Wit ten 
Theory and its St r ingy Origin’ in the t it le field in record 1, ‘We analyze the act ion 
of Toric (Seiberg)  duality on the com bined mesonic and baryonic moduli space of 
quiver gauge theories obtained from D3 branes at  Calabi-Yau singular it ies’ in the 
abst ract  field in record 2, and ‘Nathan Seiberg’ in the author fields in record 3. I n 
this example, the system ident ifies the word ‘Seiberg’ as the common thread 
am ong the three records, puts them  in the sam e group, and labels it  ‘Seiberg’, 
thus indicat ing to the user that  all records under this label are related to Seiberg. 
(See Hearst  2006 and Sadeh 2008 for a discussion about  clustering and faceted 
browsing.)   
  
The way in which the informat ion system displays subsets of the result  list  and 
provides access to them is the sam e for the two underlying technologies that  are 
used to create the subsets—faceted categorizat ion and cluster ing. Moreover, both 
technologies can be applied to the sam e result  list . For example, the system  
m ight  use cluster ing to group records by topic but  faceted categorizat ion to group 
records by type of material, journal t it le, publicat ion date, and publisher. As 
Wilson et  al. (2009)  explain in their evaluat ion of advanced search interfaces, 
‘these modes [ clustering and faceted browsing]  can capitalise on users' abilit y to 
filter and navigate through informat ion using recognit ion rather than recall’ 
(Wilson et  al. 2009, 1408) . Kaki (2005)  points out  the benefit  of faceted 
categorizat ion pr imarily for exploratory search.  
 
Figure 67 illust rates the way faceted categorizat ion or cluster ing is offered to the 
researcher in the suggested I NSPI RE interface. I n this simplif ied scheme, results 
can be grouped by two at t r ibutes:  the first—for exam ple, m aterial type—is 
represented by circles, where the circle colour indicates a value ( for example, 
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art icle,  book ,  review ,  conference proceeding,  or lecture notes) , and the second 
at t r ibute—for example, subject—is represented by t r iangles, in the same manner. 
I n this example, each record on the result  list  may have one value for the first  
at t r ibute ( the circle)  and one or more values for the second at t r ibute ( the 
t r iangle) .   
 
Figure 67:  A result  l ist  displayed w it h facet s for  faceted browsing.  
The circles represent  one at t r ibut e,  and t he t r iangles,  another  at t r ibut e.  
 
Once the values are presented on the screen, a researcher can select  any of them 
and thus narrow down the list  to show only the records that  bear this value 
(Figure 68) . The select ion process is repet it ive;  that  is, every t im e the researcher 
selects an opt ion, a new result  list  is displayed, and on the basis of this list ,  the 
system  updates the groupings and provides new opt ions for select ion. The 
selected value or values are displayed at  the top of the list  as an indicat ion to the 
researcher that  the list  has been narrowed down by the specific value. The 
researcher can also remove the value, in which case the system  refreshes the 
display to show the result  list  without  narrowing it  down by the specific value.  
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Figure 68:  Result  l ist  nar rowed down by t he select ion of a facet  value.  
The circles represent  one at t r ibut e,  and t he t r iangles,  another  at t r ibut e.  
 
The researcher can cont inue select ing opt ions for any of the at t r ibutes unt il a 
concise, manageable result  list  is at tained, enabling the researcher to focus on an 
item  of interest  (Figure 69) .   
 
 
Figure 69:  The researcher  select ing an it em  to focus on ( t he orange rect angle) .  
The circles represent  one at t r ibut e,  and t he t r iangles,  another  at t r ibut e.  
 
I f the init ial search was for another informat ion ent ity offered by I NSPI RE—an 
author, an inst itut ion, or a conference—the system uses the corresponding 
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at t r ibutes for const ruct ing the facets. For example, authors can be grouped by 
research topic, inst itut ion, and academ ic degree.   
6 .1 4 .4  Focusing on an I tem  
At  any point  in the process, the researcher can obtain the bibliographic record or 
the full text  ( if available online)  and use it—for example, save it  or send it  by 
e-mail. Furthermore, once the researcher selects an item  of interest , the system  
displays related items (Figure 70) . Each colour indicates a different  kind of 
relat ionship to the item  in focus, such as items cited by the one in focus, items 
referencing it ,  items writ ten by the same author, and item s that  other researchers 
looked at  while looking at  it .   
 
Figure 70:  Display  of it em s relat ed t o t he it em  in focus  
6 .1 4 .5  Navigat ing 
The researcher can select  any of the records displayed on the screen, thus 
making the selected record the item  in focus ( the blue box in Figure 71) . I n this 
case, the item  has become the one in focus because of a link that  the researcher 
followed, not  because the item  was the result  of a query. Such a link can also be 
offered by another system , such as a reference management  tool or a Web 
search engine, which directs the user to the context  of a specific item  in I NSPI RE.  
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Figure 71:  I t em  in focus.  
The blue box  represents an it em  that  has becom e the one in focus 
as a result  of  t he researcher ’s nav igat ion.  
 
When a new item  becom es the one in focus, the system refreshes the screen and 
displays all the items that  are related to this new item  ( the orange box in Figure 
72) . 
 
 
Figure 72:  A refreshed screen.  
The screen displays t he web of l inks for  an it em  t hat  j ust  becam e 
the one in focus.  
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The item  in focus is not  necessarily a scholarly output ;  it  could be an author, an 
inst itut ion, or a conference that  the researcher either searched for explicit ly or 
navigated to. For example, the researcher can look for a specific inst itut ion or can 
navigate to the inst itut ion by following a link from an author’s record. The list  of 
related item s depends on the type of item  in focus:  for example, if an author is in 
focus, the system  m ay display the list  of students of that  author and the 
inst itut ions to which the author is (or was)  affiliated, in addit ion to the list  of 
publicat ions and the list  of papers cit ing the author’s publicat ions. The researcher 
can thus navigate from  one inform at ion ent ity to another. 
6 .1 5  How  the Proposed User I nterface Concret izes 
the I nform at ion- Seeking Model 
 
The model detailed in  Chapter 5 describes abst ract  informat ion-seeking behaviour 
that  is current ly supported by several inform at ion system s. User- interface design, 
by nature, is rest r icted to a concrete inform at ion system  and hence can only 
aspire to cover the full spect rum of the HEP informat ion-seeking behaviour 
represented by the model. The illust rat ions in this sect ion provide a high- level 
descript ion of the way in which the various user- interface com ponents correspond 
to the abst ract  act ions and workflows port rayed as part  of the informat ion-
seeking and informat ion-searching models described in  Chapter 5.  
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The informat ion-seeking process can start  with an explicit  search or with the 
m onitor ing of lists of item s that  are generated autom at ically on the basis of the 
researcher’s preferences (such as a list  of new subm issions to arXiv or I NSPI RE)  
(Figure 73) . Searching and m onitoring correspond to ent ry points a and b,  
respect ively, in the informat ion-seeking model (see  5.4) . 
 
Figure 73:  Ent ry  point s t o t he inform at ion- seek ing process.  
One ent ry  point  is for  explicit  searching,  and t he other  is for  t he 
m onit or ing of aut om ated updates.  
 
Researchers can browse through the automated lists (Figure 74)  and focus on 
items of interest  (Figure 75) ;  these act ions correspond to the Browse and Focus 
act ions in the model (see  5.4) . 
 
Figure 74:  Browsing t hrough list s of autom at ed updates 
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Figure 75:  Focusing on an it em  of int erest  
 
As noted earlier, a user- interface design is const rained by the capabilit ies of the 
system. Although presented on one screen, automated lists can originate from 
various systems. I f,  for example, a list  represents new m aterials in I NSPI RE, the 
system will display the item  in focus (see page 202) . However, if the display is 
based on a service leveraged from  another informat ion system—for example, a 
list  of new subm issions generated by arXiv—a researcher who clicks an item  is 
taken to the environm ent  of that  other system. The model describes the focus 
act ion as ident ical in these two cases, but  in reality, the I NSPI RE system  alters its 
behaviour according to the origin of the informat ion it  displays. 
 
The researcher who starts the informat ion-seeking process with an explicit  search 
typically enters one or m ore term s and, opt ionally, sets pre-search param eters—
for example, to change the default  search scope (Figure 76) . The researcher m ay 
also decide to use an advanced search form . These act ivit ies correspond to the 
Query act ion of the informat ion-seeking model described in  5.5. 
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Figure 76:  Searching by ent er ing search t erm s and set t ing search preferences  
 
The user interface looks the same for queries of the various types described in 
 Chapter 5 (Ask for, Search, Explore;  see  5.5) . However, the type of search 
dictates the kind of services that  are available or that  the researcher is likely to 
find useful. For exam ple, a known- item  search (Ask for)  will probably yield only 
very few results, and hence the system  opt ions for refining the search either will 
not  be displayed or will be of no use to the researcher.  
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I n all cases, the system displays a result  list  of zero or more items following the 
subm ission of a query. The researcher exam ines the list  ( the model’s Scan act ion)  
and m akes decisions about  the next  steps. I f the query is of the Explore or 
Search type, the result  list  m ight  be em pty ( if the query—the Art iculated 
I nformat ion Need in the model—does not  match materials stored in the system)  
or the results m ight  seem irrelevant  to the researcher. I n such cases, the 
researcher may need to reformulate the query (Figure 77)  or to select  from  the 
system ’s suggest ions and subm it  a new query ( the model’s Reformulate act ion) . 
I f the result  list  is too long to be scanned thoroughly, the researcher is likely to 
narrow it  down ( the m odel’s Narrow Down act ion) . 
  
Figure 77:  Reform ulat ing t he query  
 
Narrowing down can be done by disclosing more about  the inform at ion need—
adding m ore search terms to describe the need more specifically (Figure 78)—or 
by using the system ’s opt ions (Figure 79) . 
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Figure 78:  Narrowing down the list  by  adding query t erm s 
 
 
Figure 79:  Narrowing down the list  by using t he syst em ’s opt ions 
 
The system provides faceted browsing as m eans to inform the researcher about  
the contents of the list  and to enable the researcher to drill down to subsets of 
the list ,  thus narrowing it  down. Narrowing down a result  list  is an iterat ive 
process during which the researcher can choose various at t r ibutes that  describe 
the required item , such as the type of item , the topic, and the year of publicat ion 
(Figure 80 A, B, and C) .  
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Figure 80:  Facet ed browsing 
 
The narrowing down process ends when the researcher sees the required item  on 
the screen or when the size of the result  list  is such that  the researcher can 
exam ine it  thoroughly (Figure 81) . The researcher can expand the list  at  any 
point  by deselect ing any of the at t r ibutes.  
 
 
Figure 81:  Result  l ist  t hat  is nar rowed down 
 
At  any t im e, the researcher can focus on an item  of interest  (Figure 82) . The 
researcher can obtain a variety of services that  relate to the item , such as an 
opt ion to download the full text  or the citat ion.  
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Figure 82:  Focusing on an it em  
 
Once an item  is in focus, the system displays lists of related items (Figure 83) . 
Each list  represents a specific relat ionship, such as items that  cite the item  in 
focus, item s that  are cited by the item  in focus, and item s that  were looked at  by 
other researchers along with the item  in focus. 
 
 
Figure 83:  List s of relat ed it em s 
 
The researcher can navigate to any related item  (Figure 84) . Such navigat ion 
corresponds to the Navigate act ion of the informat ion-seeking model.  
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Figure 84:  Navigat ing t o relat ed it em s 
 
 
 
When the user navigates to a new item , that  item  becomes the item  in focus and 
the system  displays item s related to this new one (Figure 85) . The user can then 
cont inue navigat ing or can invoke a new query. 
 
Figure 85:  New it em  becom ing t he it em  in focus 
 
As can be seen in these illust rat ions, all the act ions and workflows that  are 
described in the informat ion-seeking and informat ion-searching models are 
supported by the proposed user- interface design. The gap between the m odels 
and the user interface lies in the lim ited capabilit y of I NSPI RE to support  act ions 
(other than browsing)  that  relate to items that  or iginate from  other systems.  
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6 .1 6  Evaluat ion of the Suggested User I nterface 
To assess the degree to which the suggested user interface would serve the HEP 
com m unity, the author has defined a m at rix whereby the personas described in 
 Chapter 4 are used as hypothet ical evaluators (Figure 86, Figure 87, and Figure 
88) . A list  of system  features was com piled, and the author used her best  
judgm ent 26 to rank the features on a scale of 1 to 5 according to the likelihood of 
a persona’s using them  (5, definitely;  4, very likely;  3, som et im es;  2, rarely;  1, 
never) . The results are calculated for the more significant 27 subgroup of four 
personas (Ed, Laura, Kevin, and Guy)  and for the whole group of six personas. 
The higher the score is, the m ore im portant  it  is for the developers of I NSPI RE to 
offer the funct ionality or opt ion. 
 
As can be seen in Figure 86, Figure 87, and Figure 88, there are slight  differences 
between the results obtained from  the subgroup and those obtained from  the 
whole group. The addit ion of the last  two personas—which both represent  
younger people and experimentalists—skews the group evaluat ion toward a 
greater willingness to experience new opt ions, work with user- interface elem ents 
that  are fam iliar to users of popular Web services, and expand the search scope 
to other databases and other m aterial types. On the other hand, the last  two 
personas are m ore focused on im m ediate fulfilm ent  of their exact  inform at ion 
needs ( typically newer art icles and docum ents of a variety of other material 
types)  and less inclined to broaden their knowledge horizons or to cont r ibute to 
the com m unity.  
                                          
26
 The author  relied on her  deep fam iliar it y  w it h HEP researchers ( follow ing a long 
per iod of m eet ings,  conversat ions,  and e- m ail exchanges wit h com m unit y  m em bers)  
and her  abilit y  t o ident ify  w it h com m unit y  m em bers t hrough t he use of t he persona’s 
charact er ist ics.    
27
 As explained in  Chapt er  4,  user - int er face design guidelines recom m end the use of 
t hree t o four  personas.  Therefore,  a subgroup of four  personas was def ined,  
represent ing researchers who are m ore likely  t o use t he syst em  ex tensively  and whose 
needs and expect at ions are of forem ost  im por tance in t he developm ent  of t he syst em . 
However ,  because com prehensive coverage of t he t ypes of HEP researchers can be 
accom plished only  by  consider ing all six  personas t ogether ,  referencing t he subgroup 
of four  and t he ent ire group of six  achieves both adherence t o t he guidelines and,  as a 
m eans of fur t her  reassurance,  at t ent iveness t o a larger  populat ion’s needs.   
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age fo
5: Definitely;        
4:  Very likely;       
3:  Som et im es;       
2:  Rarely;          1:  
Never. 5 4 3 2 1 5 4 3 2 1 5 4 3 2 1 5 4 3 2 1
Average 
for the 
first  four 5 4 3 2 1 5 4 3 2 1
Total 
average 
(all six)
Use new INSPIRE 
interface X  4 X 5 X  2 X  5 4.00 X  5 X 5 4.33
Set  classic ent ry 
point  as a default X 1 X 1 X 5 X 1 2.00 X 1 X 1 1.67
Set  personal 
preferences X 4 X 5  X 1 X 5 3.75 X 5 X 5 4.17
Look for scholarly 
m aterials X 5 X 5 X 5 X 5 5.00 X  5 X 5 5.00
Look for people
 X 4 X 5  X 4  X 4 4.25 X 5 X 3 4.17
Look for 
inst itut ions
 X 1  X 2  X 2  X 3 2.00  X  4 X 4 2.67
Look for 
conferences
 X 1  X  4  X 1  X 2 2.00  X  4 X 2 2.33
Look explicit ly at  
the lists of values 
(e.g., j ournal 
t it les)
 X 3 X 4 X 5 X 4 4.00 X 5 X 5 4.33
Expand the search 
to use other 
databases X  4   X 3 X  2 X 4 3.25 X  5 X 5 3.83
Search in parallel 
in other 
inform at ion 
system s such as 
Google, Google 
Scholar, and 
am azon.com X 4   X 3 X 1 X 5 3.25  X 4 X 5 3.67
Use the facet  
value 
breadcrum bs  X 4 X 5 X  2  X 4 3.75 X 5 X 5 4.17
Use Did You 
Mean? feature
 X  5 X 5 X 5 X 5 5.00 X 5 X 5 5.00
Sort  by relevance
 X 3 X 3  X 1 X 5 3.00 X 5 X 5 3.67
Sort  by date 
(descending)
 X 4 X 5 X 5 X 5 4.75 X 5 X 5 4.83
Sort  by date 
(ascending)
 X 2 X  5 X 2 X 1 2.50  X 1 X 1 2.00
Sort  by popularity
X  3 X  4 X 1  X 4 3.00 X  3 X 2 2.83
Sort  by num ber of 
citat ions X 5 X 5 X 5  X 3 4.50 X  5  X 3 4.33
Predicted Relevance of New Services to Personas
Ed Laura Kevin Guy Hiro George
 
Figure 86:  Mat r ix  showing t he likelihood of a persona t o use a proposed feature,  par t  1 
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age fo
5: Definitely;        
4:  Very likely;       
3:  Som et im es;       
2:  Rarely;          1:  
Never. 5 4 3 2 1 5 4 3 2 1 5 4 3 2 1 5 4 3 2 1
Average 
for the 
first  four 5 4 3 2 1 5 4 3 2 1
Total 
average 
(all six)
Use faceted 
browsing
 X 3 X 5   X 3 X 5 4.00 X 5 X 5 4.33
Narrow down to 
m aterials 
available online
 X 2 X 5  X 2  X 4 3.25 X  5 X  5 3.83
Narrow down by 
date
  X 2 X  4  X 1  X 3 2.50   X 3   X 3 2.67
Narrow down by 
m aterial t ype
 X 4 X  5  X 2  X 4 3.75 X 5 X 5 4.17
Narrow down by 
publisher
 X 1 X 1 X 3  X 1 1.50  X 1 X 1 1.33
Narrow down by 
j ournal
 X 2 X  4  X 4 X 2 3.00 X 2 X 1 2.50
Narrow down by 
inst itut ion
 X 2 X  3  X 3 X 1 2.25  X 2 X 1 2.00
Narrow down by 
collaborat ion X  3 X  5 X  2 X 5 3.75 X 4 X 4 3.83
Narrow down by 
topic
 X 2 X  5 X  2  X 4 3.25  X 4 X 5 3.67
Change the 
default  num ber of 
result s per page
 X 1 X  2 X 1  X 5 2.25 X 3 X 4 2.67
Select  m ult iple 
citat ions on a 
page (or all 
citat ions on a 
page)  for a 
specific service
 X 3 X  5 X  2 X 5 3.75 X 5 X 5 4.17
Use suggested 
new searches X  4  X 4 X 3 X 5 4.00 X  5 X 4 4.17
Read the abst ract
 X 4 X 5 X 5  X 4 4.50 X 5 X 5 4.67
Look for the query 
words in the 
displayed snippet  
or the abst ract
X 5 X 5 X 5 X 5 5.00 X 5 X 5 5.00
Set  one arXiv 
m irror site as a 
default X 5 X 5 X  5 X 5 5.00 X 5 X 5 5.00
Change from  the 
default  arXiv 
m irror site when 
deafult  is not  
responding
X  5 X  5 X   4 X 5 4.75 X  5 X 5 4.83
Predicted Relevance of New Services to Personas
Ed Laura Kevin Guy Hiro George
 
Figure 87:  Mat r ix  showing t he likelihood of a persona t o use a proposed feature,  par t  2 
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age fo
5: Definitely;        
4:  Very likely;       
3:  Som et imes;       
2:  Rarely;          1:  
Never. 5 4 3 2 1 5 4 3 2 1 5 4 3 2 1 5 4 3 2 1
Average 
for the 
first  four 5 4 3 2 1 5 4 3 2 1
Total 
average 
(all six)
Follow links to 
related 
informat ion such 
as datasets, 
spreadsheets, 
im ages, video 
clips
 X 2  X 4  X 1  X 4 2.75 X 4 X  4 3.17
Navigate through 
author nam e
 X 4 X 5 X 5 X  5 4.75 X 5 X 5 4.83
Navigate through 
inst itut ion
 X 2   X 2  X 2  X 1 1.75  X 2  X 1 1.67
Navigate through 
conference
 X 2 X 2 X 1 X 1 1.50  X 2 X 2 1.67
Navigate through 
topic
 X 2 X 5  X 3  X 3 3.25  X 4 X 5 3.67
Navigate through 
collaborat ion X 2 X  5 X 2  X 4 3.25 X 4 X 5 3.67
Navigate through 
references
 X 2 X 5  X 3  X 2 3.00 X  5  X 3 3.33
Navigate through 
citat ions X 5 X 5 X 5 X 5 5.00 X 5 X 5 5.00
Navigate through 
tags X 2 X   4 X 1  X 4 2.75 X  4 X 3 3.00
Navigate through 
'people who 
looked at  this item  
also looked at '
X  3 X  4 X  2 X 5 3.50 X 3 X 5 3.67
Look at  explicit  
recomm endat ions X 4  X 4 X 4 X 4 4.00 X 4 X 3 3.83
Look at  'recent  
papers in m y area'
 X 4 X 5  X 4  X 3 4.00 X 5  X 3 4.00
Use m ore than 
one set t ing for 
recent  papers X 4  X  3 X  2  X 2 2.75 X  4 X  3 3.00
Look at  m y recent  
queries X  4 X  5 X  2  X 2 3.25 X 3 X 4 3.33
Look at  'recent  
queries' X 2  X 1 X  2  X 2 1.75   X 1 X 1 1.50
Look at  'm ost  
popular queries in 
the last  week' X 3  X  2 X  2  X 2 2.25   X  2 X 2 2.17
Rate an item X 1 X 1 X 1 X 2 1.25 X 1 X 1 1.17
Review an item X 3 X 1 X 1  X 2 1.75 X 1 X 1 1.50
Tag an item X  3  X 3 X 1 X 4 2.75 X 4 X 1 2.67
Send a correct ion 
to INSPIRE team X 5 X  5 X  2  X 3 3.75 X 1 X 1 2.83
Predicted Relevance of New Services to Personas
Ed Laura Kevin Guy Hiro George
 
Figure 88:  Mat r ix  showing t he likelihood of a persona t o use a proposed feature,  par t  3 
 A Model of  Scient ist s’ I nform at ion Seek ing and a User - I nter face Design 
Tam ar  Sadeh 
Page 208 
 
As can be seen in Figure 86, Figure 87, and Figure 88, som e of the features are 
not  likely to be very relevant  to som e or all of the personas. These features are 
listed nevertheless to dem onst rate that  they were considered during the design 
phase.  
 
By sort ing the features by the average ranking score, the developers of I NSPI RE 
can opt im ize their  efforts and prior it ize the com ponents that  they want  to add to 
the system.  
 
The features of the new user interface that  are considered most  likely to be useful 
for the researchers are those whose matr ix score is at  least  4.00 for either the 
subgroup of four personas or the ent ire group of six. The following features (som e 
of which are already implemented in SPI RES)  pass that  threshold:  
 
o A new user interface, if it  is expected to be more user fr iendly than the 
current  one 
o Lists of possible values for fields such as m aterial types and journal t it les  
o Did You Mean? suggest ions 
o Sort ing by date 
o Sort ing by num ber of citat ions 
o Faceted browsing 
o Suggested new searches 
o The display of the abst ract   
o Highlight ing of query words 
o Mult iple select ion of items for obtaining a service 
o Set t ing one arXiv m irror site as a default  and changing it  only when 
necessary 
o Navigat ion through author names 
o Navigat ion through citat ions 
o Explicit  recommendat ions 
o Lists of new art icles 
 
The following features, with a score of 3.00 to 3.99, are considered likely to be 
used:   
o Set t ing personal preferences 
o Searching seam lessly in other databases ( if so defined by the researcher)  
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o Searching simultaneously in other informat ion systems (with the results 
displayed separately)  
o Facet  value breadcrum bs 
o Sort ing by relevance 
o Sort ing by popularity 
o Narrowing down results to materials available online 
o Narrowing down results by m aterial type 
o Narrowing down results by journal 
o Narrowing down results by collaborat ion 
o Narrowing down results by topic 
o Navigat ing through topics 
o Navigat ing through collaborat ions 
o Navigat ing through references 
o Navigat ing through ‘people who looked at  this item  also looked at…’ 
o ‘My queries’ 
o Sending correct ions to the I NSPI RE team  
6 .1 7  Long- Term  Monitoring of the New  User 
I nterface 
The behaviour of the users of a new system is not  always predictable because 
such behaviour is often influenced by factors that  are beyond the scope of the 
individual system. For example, the appearance of Web search engines, 
part icularly Google, had a considerable impact  on the way users formulate 
queries in all informat ion systems, including those used for academ ic research. 
The appearance of new mobile devices and the improved worldwide accessibilit y 
to the I nternet  is likely to further change the overall informat ion behaviour and 
hence have an impact  on informat ion seeking in a scholarly environment .  
 
Today, Web-based systems are regarded as ongoing projects, and the developers 
of such systems typically monitor the user behaviour and further develop and 
m odify the system s as appropriate. This sect ion discusses suggest ions that  will 
help the I NSPI RE team  gather inform at ion and analyse the researchers’ behaviour 
once they start  using the system. Such analyses will serve as a basis for 
projected changes and further developm ent . 
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I t  is important  to note that  the informat ion gathering suggested in this sect ion 
applies to I NSPI RE alone and hence does not  reflect  the overall informat ion-
seeking behaviour of all researchers. I nform at ion gathered from  all the 
informat ion systems used by HEP scient ists would have been more valuable for 
an analysis of the full spect rum of informat ion seeking but  gathering such 
informat ion is not  technically feasible at  this stage;  researchers use a variety of 
system s that  do not  enable the I NSPI RE team  to t race inform at ion behaviour. 
However, if,  indeed, I NSPI RE is developed to offer more content  and services 
originat ing from  other informat ion systems, as discussed earlier in this chapter, 
the informat ion that  the I NSPI RE team can gather will be more comprehensive.  
6 .1 7 .1  Log Files 
Designing log files from  the outset  provides an efficient , cost -effect ive, and 
comprehensive method of informat ion gathering that , in turn, facilitates 
autom ated analyses of user behaviour.  
 
The I NSPI RE team  should be able to ext ract  from  the I NSPI RE log files data about  
sessions, queries, facets, search results, services, t iles, full- text  availabilit y, and 
user set t ings. I n considerat ion of pr ivacy issues, the informat ion gathered should 
not  be saved in a way that  would associate it  with individual researchers.  
6 .1 7 .1 .1  Sessions 
I nform at ion about  sessions enables the developers of a system  to m onitor how 
often people com e to the system  and how quickly they sat isfy their  inform at ion 
needs. The data that  should be available for each session includes the following:  
 
o Durat ion 
o Number of pages viewed 
o Number of queries subm it ted 
o Number of items viewed ( that  is, how many t imes a user paid special 
at tent ion to an item  by request ing the full details of the item  or request ing 
a service for it ,  for example)  
o Number of items downloaded, including citat ions and the full text  of 
art icles 
o Number of items saved or sent  by e-mail  
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I n addit ion, each session should be assigned an ident ificat ion num ber ( I D) , to be 
used for logging other inform at ion (see sect ions  6.17.1.2 through  6.17.1.8) . 
Having a session I D as part  of the data gathered makes possible further analysis 
of the act ions that  a user performs during a session and supports an 
understanding of user workflows without  having to m onitor individuals over t im e. 
6 .1 7 .1 .2  Queries 
The following informat ion should be available about  each query subm it ted to the 
I NSPI RE search engine.28 
o Query terms, as entered 
o The type of interface used (basic or advanced) . I f the former is used, the 
data should indicate whether the query was Google like (e.g., burton 
r ichter quark)  or SPI RES like (e.g., find a r ichter, burton and t  quark and 
date >  1984) . 
o An indicat ion of the origin of the query ( for example, whether the query 
was entered by the user, invoked when the user clicked a link, generated 
as a refinem ent  for a query, generated by a robot  subm it t ing a query, sent  
by a reference m anagem ent  tool as a bookmark, sent  by Google, or sent  
by Google Scholar)  
o Search scope  
6 .1 7 .1 .3  Facets 
Although the informat ion systems of the HEP com m unity have never provided 
facets, researchers are most  likely fam iliar with using them from  commercial Web 
sites such as eBay and Amazon. Therefore, m onitor ing the usage of the facets is 
high prior ity, part icularly to check which facets are more popular and are placed 
by the researchers at  the top of the list , and which facets can be omit ted. 
I nformat ion that  should be available includes the following:  
o Num ber of t im es that  a facet  was selected 
o Number of facets used for a single query 
                                          
28
 Technically ,  t he I NSPI RE search engine int erpret s a link  t o a record in I NSPI RE as a 
query for  a known it em . Therefore,  f rom  the perspect ive of t he search engine ,  t here is 
no dif ference between a query  t hat  is form ulated by a user ,  a hyper tex t  l ink  in 
I NSPI RE, a bookm ark stored on a personal page,  and a hyper t ext  l ink  in a Web search 
engine,  all of  which lead t o one or  m ore records in I NSPI RE.   
 A Model of  Scient ist s’ I nform at ion Seek ing and a User - I nter face Design 
Tam ar  Sadeh 
Page 212 
6 .1 7 .1 .4  Search Results 
Monitor ing the results of a query can give an indicat ion of the type of query (Ask 
For, Search, or Explore;  see  5.5)  and the degree to which the sort ing order 
corresponds to the user’s needs. Together with other data, such as the type of 
search and the use of facets, the search results port ray the effort  that  was 
required by researchers to sat isfy their informat ion needs. The following 
informat ion should be available regarding result  lists:  
o The number of results per query 
o The num ber of pages looked at  
o The posit ion in the result  list  of the items selected by the user ( first  item  
on the list ,  second item  on the list ,  and so on)  
6 .1 7 .1 .5  Services 
Services should be easily modified, added to the I NSPI RE system , or rem oved 
from  it  without  disrupt ing the user workflow or requir ing t raining for the 
researchers.  Services should be monitored to see how useful they are. The logs 
should record the requests for each service. 
6 .1 7 .1 .6  Tiles 
The use of custom izable t iles enables researchers to create a personal 
informat ion-seeking desktop. However, having too many t iles on a screen may 
lead to clut tered displays and decrease the usabilit y of the new interface. Because 
not  all researchers are likely to modify the default  setup, it  is of great  importance 
to understand which t iles are m ore useful and m odify the default  display 
accordingly. To that  end, the system should provide informat ion about  the 
number of researchers who selected a specific t ile and how often they use that  
t ile.  
6 .1 7 .1 .7  Full- text  availability 
Although not  necessarily related to the user interface, the usage of the materials 
that  I NSPI RE makes available for searching should be monitored. Relevant  
informat ion includes the following:  
o Num ber of t im es that  the full text  of art icles was not  available 
o Num ber of requests for full text  from  arXiv, a publisher’s site, or 
inst itut ional repositories 
o Num ber of t im es that  full text  was available through both arXiv and a 
publisher’s site, and which source the user selected 
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6 .1 7 .1 .8  User Set t ings 
For further developing personalized services and for fine- tuning user default  
set t ings, the I NSPI RE team  should m onitor the changes that  individuals apply to 
the default  set t ings. I nform at ion reflect ing user preferences should include the 
following:  
o The num ber of records per page 
o The t iles that  were selected to be part  of a user’s ‘desktop’ and by how 
many users each t ile was selected 
o The type of default  search box (basic or advanced)  
6 .1 7 .2  Survey 
The 2007 HEP survey proved to be m ost  inst rum ental in the understanding of HEP 
researchers’ percept ions regarding their inform at ion systems and pract ices and in 
set t ing the design of the new INSPI RE system  in m ot ion. The relat ively high rate 
of part icipat ion in the survey—about  10%  of the HEP community members—
demonst rates the high significance of the HEP inform at ion system s for the 
m em bers. I t  is ant icipated that  launching another survey a year after the 
int roduct ion of a new system will evoke sim ilar part icipat ion by the community 
and generate feedback that  can be used for improving the new system.  
6 .1 7 .3  User Feedback 
With the HEP com m unity’s com m itment  to improving their inform at ion system  
and content , it  is ant icipated that  valuable feedback will be provided through 
feedback forms that  the new interface will offer. Researchers are likely to write to 
the I NSPI RE team  and share their im pressions.  
6 .1 7 .4  I nterview s 
To acquire addit ional qualitat ive informat ion that  will help the I NSPI RE team 
further develop and modify the system , revisit ing the HEP community members 
who were interviewed as part  of this study will be useful when these researchers 
start  working with the new interface. Recording their feedback at  several intervals 
is recom m ended to m onitor the researchers’ first  impressions of the new 
interface, the speed at  which they learn to use it ,  and, later, how rapidly they 
becom e accustom ed to the new system and start  taking advantage of new 
funct ionalit y.  
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6 .1 8  Conclusions 
On the basis of the HEP informat ion-seeking model descr ibed in  Chapter 5, a 
user- interface design is proposed and evaluated. The personas described in 
 Chapter 4 are used for further evaluat ing the design, and m ethods of long- term  
quant itat ive and qualitat ive m onitor ing of the design’s success are described. I t  is 
ant icipated that  the proposed user interface, which provides an informat ion 
environm ent  that  supports the informat ion-seeking pract ices of the HEP 
com m unity in a fr iendly and efficient  m anner, will shorten the search process, 
improve the findabilit y of quality materials, and thus support  HEP academ ic 
research. Such an interface is expected to be applicable to other disciplines, as 
well, as discussed in  Chapter 7.  
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Chapter 7   Conclusions and Future 
Research Direct ions 
The research hypothesis that  t r iggered this study emerged from  the realizat ion 
that  scholarly searching is at  a crossroads. As in the past , researchers are in 
constant  need of informat ion;  however, with the increasingly rapid pace of 
publishing, im m ense quant it ies of inform at ion to explore, and many new types of 
m aterials to discover, obtain, and evaluate, researchers m ust  use a variety of 
tools, some of which are outdated and others of which were designed for general 
informat ion seeking. I nformat ion systems available today do not  opt imally 
address the inform at ion-seeking behaviour of scholars, part icularly those who 
belong to scient ific com m unit ies—which are the focus of this research;  as a 
result , scholarly discovery is often cumbersome and incomplete.  
 
The hypothesis of this study is that  an informat ion-seeking system that  is 
designed to address the nature of scholarly materials and the informat ion-seeking 
behaviour of scholars, part icular ly the members of one scient ific community, will 
increase the effect iveness of the scholars’ searches and enable them  to find and 
obtain relevant  m aterials with greater ease and precision than current  pract ices 
do.  
  
To test  this hypothesis and fulfil the aim  of this study, the author created an 
original model of researchers’ informat ion seeking, and on the basis of the model, 
suggested a software user interface that  can be feasibly im plem ented by 
providers of scholarly informat ion.  
 
By carrying out  a case study on the high-energy physics (HEP)  research 
com m unity, the author was able to gain an understanding of the informat ion-
seeking behaviour of it s members. The informat ion-seeking model and the 
proposed user interface were evaluated in view of the characterist ics and needs of 
this scient ific community and were found to sat isfy the researchers’ needs on a 
theoret ical level, thus fulfilling the aim  of this study. More empir ical findings are 
required to ascertain the success of the user- interface design in helping the HEP 
researchers find and obtain relevant  m aterials with the ease and precision 
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expected from the model. However, such empir ical findings will be available only 
after the suggested user- interface design is im plemented. A follow-up study is 
suggested to exam ine these empir ical findings. 
 
The present  study’s object ives were addressed through the following act ivit ies:   
  • The informat ion-seeking behaviour and search pract ices deployed by HEP 
researchers were examined through a series of interviews and 
observat ions (  Chapter 3 and Appendix A) .  
 • More than 2,100 responses obtained from a HEP survey that  took place in 
the sum m er of 2007 were exam ined;  in part icular, the open-ended 
responses of these surveys were analysed (  Chapter 3) .  
 • On the basis of qualitat ive and quant itat ive research regarding the 
characterist ics of HEP researchers and their informat ion-seeking pract ices, 
a set  of six personas, represent ing typical members of the HEP 
community, was developed (  Chapter 4) . These personas were used in the 
design and the evaluat ion of an informat ion-seeking model, described in 
 Chapter 5, and the user interface of an informat ion system, described in 
 Chapter 6. 
 • An original model was developed that  leverages exist ing models of 
informat ion behaviour, informat ion seeking, and informat ion searching and 
reflects the full spect rum of act ive informat ion-seeking and informat ion-
searching pract ices of HEP scholars and the nature of the data that  these 
researchers look for (  Chapter 5) . The m odel was evaluated through the 
use of seven scenarios involving the personas developed in  Chapter 4.  
 • On the basis of the new informat ion-seeking model descr ibed in  Chapter 5, 
a software user interface was designed as the future interface for the HEP 
I NSPI RE ( the new version of SPI RES)  inform at ion system . The user-
interface design was corroborated through the model, and the personas 
described in  Chapter 4 were used for to evaluate the design. Methods were 
suggested for long- term  quant itat ive and qualitat ive monitoring of the way 
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in which this design supports HEP researchers (  Chapter 6) . I t  is argued 
that  the proposed user interface, which provides an informat ion 
environment  that  accommodates the informat ion-seeking pract ices of the 
HEP community in a fr iendly and efficient  manner, will support  HEP 
academ ic research by shortening the search process and improving the 
findabilit y of quality materials.  
 
This thesis cont r ibutes to the body of informat ion-science knowledge in several 
areas:  • For the first  t im e, to the author’s knowledge, an inform at ion-seeking 
m odel is defined that  addresses a specific scient ific com m unity that  is 
highly focused on research and has dist inct  informat ion-seeking pat terns.  • The development  of personas that  represent  scholars of the target  
community as an aid in the definit ion of an informat ion-seeking model 
const itutes an innovat ive approach to m odelling;  such personas are 
usually applied in pract ical rather than theoret ical contexts.  • The concret izat ion of an informat ion-seeking model into a new user-
interface design that  can be feasibly implemented provides a novel means 
of evaluat ing the theoret ical m odel in an em pir ical context  and of 
support ing a specific scient ific com munity with its well-defined informat ion 
needs. 
 
The high-energy physics (HEP)  com m unity is the target  research com munity of 
the study. However, the informat ion-seeking model and the user- interface design 
derived from  this model may serve other scient ific communit ies as well. The HEP 
community, described in  Chapter 3 (see part icular ly  3.10) , has many 
characterist ics in com m on with other scient ific com m unit ies. However, the 
manner in which the HEP informat ion-seeking pract ices have developed over t ime 
sets that  com m unity apart  in various ways.  
 
First  and foremost , the scale of collaborat ion am ong m em bers of the HEP 
community is unparalleled in any other scient ific com m unity. HEP projects carr ied 
out  by thousands or even tens of thousands of scient ists from  all over the world, 
across inst itut ional and nat ional boundaries, have driven the development  of 
methods to make publicat ions writ ten by community members readily available to 
other com munity m em bers. The invent ion of the World Wide Web by Tim  
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Berners-Lee and the creat ion of an open repository—arXiv—by Paul Ginsparg, 
both HEP com m unity mem bers, are fundamental to the success of HEP research. 
Furtherm ore, the high publicat ion rate has t r iggered the creat ion of tools, such as 
the new subm issions service by arXiv, that  enable researchers to keep abreast  of 
developments in their area.  
 
While other communit ies share some of these characterist ics—for example, 
medical researchers face sim ilar challenges, if not  greater ones, in staying up to 
date—a major different iator exists in the concent rat ion of the HEP community’s 
projects in a very small number of inst itut ions and these inst itut ions’ 
acknowledgm ent  of the im portance of scholar ly com m unicat ion early on. The HEP 
scholarly com m unicat ion infrast ructure, which was put  in place already in the 
1960s, is supported ent irely by the HEP inst itut ions and therefore can cont inue to 
evolve in a way that  corresponds to the community’s needs. By establishing the 
communicat ion channels by itself and not  through external organizat ions, such as 
for-profit  publishers, the community also developed a great  awareness of the 
im portance of open access to scholar ly materials. Furthermore, the community’s 
determ inat ion to use arXiv as a preprint  repository had a significant  influence on 
the issuing of it s materials in a t radit ional manner by publishers:  publishers 
acknowledge the originality of the materials writ ten by HEP researchers despite 
the fact  that  researchers make these materials available through arXiv in parallel 
with subm it t ing them for publicat ion in a peer- reviewed journal.   
 
The informat ion-seeking model presented in this study is general in that  it  does 
not  relate to a specific system;  rather, it  describes behaviour that  characterizes 
scient ific research. However, the availabilit y of a m eans to concret ise the 
behaviour cannot  be taken for granted. Medical researchers, an example of 
another community that  is relat ively well supported by the members’ inst itut ions 
and by publishers, are likely to search for scholar ly m aterials in PubMed, a 
database that  can be regarded as a community-based init iat ive because it  is 
created and m aintained by the United States Nat ional Library of Medicine. These 
researchers can also define ‘alerts’, whereby they receive not ificat ion from  
PubMed when new m aterials that  m atch their needs are published. However, the 
m edical inform at ion landscape differs from that  of high-energy physics:  pr ivacy 
issues, ethical concerns, and patents that  involve the prospect  of very large sums 
of money make the publicat ion of medical- related m aterials slower and m ore 
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rest r icted, leading to possible difficult ies in obtaining materials at  the point  of 
need.  
 
Other communit ies, such as that  of geochem ist ry researchers, differ from  the HEP 
com m unity in various respects, such as the rate of new publicat ions. Because 
other com munit ies generate fewer new publicat ions of interest  than HEP 
scient ists, their m em bers do not  rely on an alert ing system such as those 
provided by arXiv and PubMed. Furthermore, no informat ion systems have been 
created specifically for such com munit ies. Whether the lack of bet ter tools is the 
result  of different  informat ion-seeking pract ices or vice versa is a topic that  
m erits further research. 
 
Further research is also needed to exam ine the informat ion-seeking model 
proposed in this study in light  of it s relevance to non-HEP research com m unit ies. 
 
Several meet ings with the HEP team of informat ion specialists—at  the Deutsches 
Elekt ronen-Synchrot ron (DESY)  research cent re in Hamburg, in May 2008, and at  
the European Organizat ion for Nuclear Research (CERN)  in Geneva, in February 
2009 and September 2009—and e-mail exchanges with team members enabled 
the author to m ake a modest  cont r ibut ion to the creat ion of the I NSPI RE 
informat ion system that  is replacing SPI RES. At  the Hamburg meet ing, the author 
presented her init ial evaluat ion of the direct ions in which SPI RES needs to evolve 
(see ht tps: / / indico.desy.de/ conferenceOtherViews.py?confI d= 800) . After 
analysing the open-ended quest ions of the survey conducted by the HEP 
inform at ion specialists, she presented her findings at  CERN early in 2009, and 
later that  year, she presented the proposed user- interface design to the same 
forum. At  the t ime of this writ ing, I NSPI RE is already in the beta- test ing phase. 
However, at  this point , the main difference between I NSPI RE and SPIRES is that  
I NSPI RE relies on a new technological infrast ructure that  has bet ter perform ance 
(a m uch faster response t im e)  and includes an improved search engine. 
Personalized features are expected in upcom ing versions 
(ht tp: / / www.projecthepinspire.net / ) . The user- interface design has not  yet  been 
changed.  
 
The work that  has already been done by the informat ion specialists is likely to be 
welcomed by the HEP researchers who use the system. Anecdotal comments 
made to the author by HEP community members show that  they like the 
 A Model of  Scient ist s’ I nform at ion Seek ing and a User - I nter face Design 
Tam ar  Sadeh 
Page 220 
improved response t im e and the fact  that  they do not  have to rem em ber the 
SPI RES-specific query syntax (even though they st ill use it  for more complex 
queries) . However, two major issues have not  changed:  the coverage—st ill pure 
HEP literature—and the conservat ive user- interface design. The changes that  
have already been implemented may prove to ‘convince the convinced’—make 
the m any avid users of SPI RES becom e avid users of I NSPI RE—but  m ay not  
at t ract  new users. The team  of HEP inform at ion specialists will need to conduct  
another survey to check the effects of the current  changes on the HEP 
com m unity. 
 
However, in addit ion to the team ’s work and the suggest ions provided in this 
study, other factors m ay change the informat ion-seeking pract ices of HEP 
researchers in various ways, as described in the rest  of this chapter.  
 
The 2007 HEP survey showed that  young researchers are more at t racted to 
Google and Google Scholar than researchers who have spent  a num ber of years 
in HEP research. However, a one- t im e survey does not  provide a m eans to 
evaluate t rends;  this survey cannot  help informat ion specialists determ ine 
whether these young researchers will keep on relying on general informat ion 
system s for the discovery of HEP content  or will change their informat ion-
searching behaviour once they spend m ore t ime in the HEP environment  and 
understand the benefits of using the informat ion systems developed and 
maintained by the community. As discussed in  Chapter 3 of this study, the 
involvement  of the young generat ion of researchers in maintaining I NSPI RE’s 
accuracy and relevance to the community is crucial. 
 
The inform at ion and com m unicat ion behaviour of younger researchers—including 
but  not  lim ited to their informat ion-seeking behaviour—is a clue to other types of 
changes that  m ay occur in their HEP-related pract ices and that  m ay have a 
substant ial impact  on the HEP informat ion system s. The wide adopt ion of I nternet  
communicat ion and social networking tools such as Skype, Facebook,29 and 
                                          
29
 According t o t he Facebook st at ist ics page 
( ht t p: / / www.facebook.com / press/ info.php?stat ist ics) ,  t here are m ore t han 500 m ill ion 
act ive users and 50%  of t hem  use Facebook daily .  Fur therm ore,  ‘m ore t han 30 bil l ion 
pieces of content  ( web links,  news st or ies,  blog post s,  notes,  photo album s, et c. )  [ are]  
shared each m ont h’.  
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LinkedI n may have an effect  on the user- interface design of scholarly inform at ion 
systems, including HEP informat ion systems. While some HEP researchers are 
expected to prefer keeping the user experience of their work- related environm ent  
separate from  that  of their  social m edia environments (such a view was clearly 
evident  in interviews conducted with researchers during this study) , other 
researchers m ay want  to have a unified user experience across all the systems 
that  they use. The challenge of the HEP informat ion specialists is to address both 
the approach of those who look for a contemporary user interface and the more 
conservat ive approach.  
 
Social networks, pr imarily Facebook, may also change people’s search 
expectat ions, in general, and assign people’s social context  a major role in the 
search process. One of the m ain messages of such networks is the context  that  
they define for members:  a person serves as a hub that  is linked to other people 
and to the informat ion they can provide;  in other words, the social networks build 
a ‘social graph’ in which users serve as the graph nodes, but  each user can be 
regarded as the cent re of his or her own social graph.  
 
Today, informat ion generated by Facebook users is available only in the context  
of Facebook ( it  is not  available to Google to index)  and represents a more 
humanist ic approach to informat ion providing:  in a manner that  is sim ilar to 
people’s everyday behaviour—their reliance on the informat ion that  they acquire 
from  people whom  they know and t rust—Facebook plans to offer search 
capabilit ies that  leverage the context  of the user to bet ter sat isfy the user’s 
informat ion needs. According to the vision of Mark Zuckerberg, the founder of 
Facebook, ‘users will query this "social graph" to find a doctor, the best  camera, 
or som eone to hire—rather than tapping the cold mathemat ics of a Google 
search. I t  is a com plete rethinking of how we navigate the online world, one that  
places Facebook r ight  at  the center. I n other words, r ight  where Google is now’ 
(Wired 2009) . 
 
The Facebook approach to searching may have an impact  on scholarly informat ion 
seeking as well.  I t  is not  unrealist ic to think of a community graph—primarily in 
the context  of a well-defined group such as the HEP com munity—that  will enable 
researchers to look for m aterials writ ten or read by scholars whom they know and 
t rust , start ing from  the scholars who are the closest  to them  and then branching 
out  to include other com m unity mem bers. Although today scholars can implem ent  
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a sim ilar informat ion-seeking approach by searching explicit ly for materials 
writ ten by specific authors, a change of the type that  social networks are bringing 
about  would be huge. I f this change, indeed, happens, it  m ay help researchers 
obtain relevant  materials;  on the other hand, however, it  m ay obscure m aterials 
that  are of high relevance but  that  or iginate from  outside the expected dom ain.  
 
I n the context  of HEP, a shift  that  renders researchers the pivot  of the 
informat ion environment  may require a redesign of the environm ent :  rather than 
offer ing content  that  is selected st r ict ly on the basis of subject  m at ter, the HEP 
informat ion system would open up to offer m aterials writ ten—or used—by 
members, including materials that  are not  HEP content  or are of various new 
types. I nformat ion-seeking pract ices would likely change accordingly, and the 
inform at ion system  would need to support  these new pract ices and offer new 
services.  
 
Other changes that  m ay have im pact  on the user- interface design of scholarly 
informat ion systems relate to technological developments. Mobile devices, st ill 
used primarily for general informat ion seeking and exchange, m ay becom e 
convenient  enough for scholar ly research. The use of touch screens and m ethods 
for zoom ing in and out , select ing, and scrolling are likely to change the current  
design concepts.  
 
There is no doubt  that  scholar ly inform at ion behaviour is changing along with the 
general informat ion behaviour of humans. Technological advances enable 
autom ated system s to be m ore context  sensit ive and, by ident ify ing the locat ion, 
affiliat ion, past  behaviour, and preferences of the person who accesses the 
system, can tailor their services to that  person. The dist inct ion between hum an-
hum an interact ion and hum an-m achine interact ion is becom ing blurred. The 
scholarly domain st r ives, on the one hand, to rely on assessm ent  m easures that  
are object ive, but  on the other hand, acknowledges the invaluable cont r ibut ion of 
specific scholars to academ ic research;  thus, the scholarly domain must  leverage 
the developments that  are likely to govern general informat ion-seeking pract ices 
while retaining its academ ic focus.   
 
Jamali and Nicolas note that  ‘as informat ion technologies…develop, informat ion 
services are improved and as a result  informat ion seeking act ivit ies of scient ists 
go though changes and adjustm ents. This is a cycle where research on 
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informat ion behaviour of scholars leads to bet ter informat ion services and 
improved informat ion services m ight  make the scholars alter their informat ion 
seeking act ivit ies and behaviour, hence the need for cont inuous study of the 
informat ion-seeking behaviour of scholars’ (2008, 444) . I ndeed, much research is 
expected to take place in these areas in the com ing years, and one can foresee 
that  improvements will cont inue to be made in the ways in which informat ion 
system s help scholars accomplish their tasks.  
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Appendix A: I nterview s w ith High-
Energy Physics ( HEP)  Researchers 
 
Appendix A contains the sum m aries of the sem i-st ructured interviews conducted 
with the HEP researchers in 2008 and the beginning of 2009. All the researchers 
work in the high-energy physics department  of the physics faculty of a part icular 
leading scient ific research inst itut ion. Every interview lasted between an hour and 
an hour and a half and took place in the office of each HEP researcher. The author 
took notes during the interviews;  there were no recordings. The interviewees 
were inform ed about  the author’s research and the object ives of the study as 
out lined in  Chapter 1 of this thesis. 
 
The author began all the interviews with the following quest ions:   
o What  is your academ ic status and role?  
o What  kind of research do you conduct , theoret ical or experim ental? 
o How often do you look for scholarly materials?  
o Which informat ion resources do you use? How frequent ly do you use each 
of them ? 
o What  do you use SPI RES for? How do you find the interface of SPI RES? 
What  do you like and dislike about  SPI RES? 
o What  do you use arXiv for? How do you find the interface of arXiv? What  
do you like and dislike about  arXiv? 
o What  do you use Google for? What  do you use Google Scholar for? What  
do you like and dislike about  Google and Google Scholar? 
o What  services do you like in each of the informat ion resources? 
o I n your opinion, how could SPI RES be improved?  
 
I n som e cases, the interviewees were also asked to demonst rate the way they 
search.  
 
Because the aim  of the interviews was to understand the overall informat ion-
seeking behaviour of scholars rather than obtain specific details, the conversat ion 
was not  firm ly st ructured. The author let  the interviewees take the lead in the 
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discussion and raise other topics that  they found relevant  to HEP inform at ion 
seeking, such as their views on the use of datasets as part  of the scholar ly 
informat ion corpus.  
 
The interviewees were ext remely cooperat ive. All commented that  the work of the 
HEP informat ion specialists is very important  for any HEP-related research and 
thus were happy to assist  in improving the HEP informat ion systems.  
 
After these interviews, the interact ion with som e of the researchers cont inued on 
a less formal basis in the form  of e-mail correspondence and occasional m eet ings.  
 
1 . Alan  
 
Alan is a senior professor, a theorist . 
 
Alan is very fond of SPIRES. He has a link to SPI RES on his desktop and uses it  
every day. He also uses arXiv, but  less than he uses SPI RES. The use of arXiv is 
typically related to new publicat ions:  every morning he looks at  the new 
publicat ions added to arXiv, and som et im es he looks for art icles deposited in 
recent  weeks, m ainly after an absence of a week or so. He does not  use arXiv for 
searching. 
 
SPI RES, in his opinion, is a wonderful resource and covers all his needs. He 
considers himself an expert  in searching SPI RES, and if he does not  know a 
specific command (e.g., how to look for an item  through the author’s affiliat ion—
he never uses this command)  he uses the help page, which he finds clear.  
 
When searching for an unknown item , Alan t r ies to narrow down the init ial result  
list  to about  100 hits—he can easily look at  all of them . To narrow down a result  
list ,  he adds words to the query box, which is always displayed above the result  
list .   
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For exam ple, Alan m ight  start  with a query in the following form :  
Find t yyyy a xxxx 
where t  stands for t it le and a stands for author nam e ( the SPI RES search syntax 
requires field indicat ions) . For example, the query Find t  supersym m etry a nir 
would bring up all papers writ ten by Nir that  have supersymmetry  in their  t it le. 
 
I f there are too many results, he adds a term :   
Find t yyyy a xxxx t zzzzz 
 
Alan uses the SPI RES advanced search form  (called Easy Search)  only when he 
wants to enter the arXiv I D of an art icle.30 He does not  use other opt ions of this 
search form. He often uses exact  author  (ea)  rather than author  (a)  when there 
are several authors with the same surname—he learnt  about  this feature from  
colleagues. His searches typically include AND;  som et im es he uses NOT—e.g., 
AND NOT collaboration.  
 
Alan typically t r ies to find one art icle and then get  to other art icles by following 
links, either to art icles cited by that  art icle or to art icles that  cite that  one. He 
says that  this is the best  way to conduct  an exploratory search, in his experience. 
 
Alan thinks that  the citat ion index in SPI RES is ext rem ely im portant  and that  the 
accuracy of this informat ion and the related features offered by SPI RES are 
outstanding. According to him , some departm ents have a weekly meet ing to keep 
t rack of the usage of their art icles through the citat ion index of SPI RES. When he 
com pares the citat ion index in SPIRES to that  offered by Web of Knowledge 
(WoK) , he finds the SPIRES service clearly superior. He uses WoK only when he 
has to find inform at ion about  researchers dealing with other fields, and actually 
he wonders why other disciplines do not  use the SPI RES infrast ructure for their  
own purposes—but  separately from  SPI RES.  
 
Alan does not  see any problem with the current  coverage of SPI RES. He does not  
encounter cases where he m isses informat ion in his research fields. He uses 
Google only when he needs to find inform at ion about  other disciplines for 
purposes such as evaluat ing candidates from  other areas.  
 
                                          
30
 An arXiv ID is part  of the m etadata available for records stored in SPIRES. 
 A Model of  Scient ist s’ I nform at ion Seek ing and a User - I nter face Design 
Tam ar  Sadeh 
Page 228 
Alan uses the arXiv service of new items, but  he does not  like to get  the 
informat ion by e-mail;  he prefers going to arXiv and looking at  the new items, 
grouped according to the three areas he deals with.  
 
Another issue that  Alan m ent ioned relates to open access repositor ies:  he 
encourages open access and sends his papers to journals that  offer open access 
rather than to those that  are licensed. 
 
Alan is a happy user of SPI RES and cannot  think of a reason to change the 
current  interface. He cannot  think of anything m issing in SPI RES—interface or 
content—and has no problem  with the com plexity of the interface. Nevertheless, 
Alan is interested in the I NSPI RE init iat ive and will be glad to follow up and serve 
as a ‘guinea pig’ for test ing any new ideas. 
 
2 . Benjam in 
 
Benjam in is a senior professor, an experimentalist . 
 
Benjam in says that  he rarely looks for papers. When he does, he typically looks 
for specific ones. This happens once a week or less. He uses Google as his m ain 
resource and rarely goes to SPI RES. He is not  sure what  the difference is between 
SPI RES and arXiv, and when he looks for an art icle in Google and links to arXiv, 
he calls the process ‘using arXiv’. 
 
Benjam in thinks that  Google is great . He also likes Am azon, especially the fact  
that  Am azon seem s to ‘know’ him  and tailors services for him , e.g., 
recom m endat ions. However, he thinks that  these personalized features are more 
relevant  to other areas of interest  than to pure research. When asked to list  the 
inform at ion system s that  he uses in order of their  relevance to him , he listed the 
following:  
1. Google 
2. Am azon 
3. arXiv 
4. Google Scholar 
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Benjam in does not  know how to use the interface of SPI RES and finds it  outdated, 
com plex, and confusing. He does not  use the arXiv interface, either. He does not  
know exact ly how to find his own art icles and says that  the citat ion index in 
SPI RES is m ore relevant  to theorists, who publish m any papers, not  to 
experim entalists like him . He finds the Easy Search form  of SPI RES even m ore 
complex than the basic search.  
 
Benjam in believes that  SPI RES was the first  system  to implem ent  a social 
network for the com m unity, and he considers it  a nice feature, but  he does not  
believe that  the informat ion that  is offered in SPI RES about  researchers and 
research act ivit ies is of m uch importance. On the other hand, he would like the 
authors’ pages to include pictures:  he says that  before he m eets with som eone, 
he typically looks for the person’s picture so that  he will not  be embarrassed for 
not  remembering the face of a person he has m et  before. 
 
Benjam in thinks that  alerts could be of m uch relevance to him —get t ing 
informat ion based on specific cr iter ia that  he can define—but  does not  know how 
to set  alerts in SPI RES or in arXiv. 
 
When Benjam in searches in Google, he uses a few words from  the t it le. He m ay 
add the surname of the author. Typically, he sees the relevant  art icles on the first  
result  page, and if not , he adds query term s and searches again. He links to arXiv 
to read the art icles and st rongly dislikes being linked to a publisher site, mainly 
licensed ones. He believes all scient ific informat ion should be free.  
 
Benjam in, despite the fact  that  he is not  new in the HEP com m unity, does not  
invest  t ime to learn the interface of SPI RES, which is complex. He expects a 
Google- like interface. He would benefit  from  services such as alerts—these m ay 
convince him  to use the SPI RES database. Otherwise he is likely to abandon it .    
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3 . Colin  
 
Colin is a senior professor, an experimentalist . 
 
List ing the inform at ion system s that  he uses, Colin gives arXiv first , as the m ost  
relevant  resource for his needs. He uses SPI RES as well, and somet imes he uses 
Google. 
 
According to Colin, SPI RES has no r ivals when it  comes to finding informat ion 
about  conferences, job and research opportunit ies, and people. He loves the 
feature that  automat ically generates the list  of publicat ions of a specific person 
(himself) ,  although he would like it  in another format  so that  he would be able to 
copy and paste without  any further processing. However, when he looks for 
art icles, he typically prefers arXiv, through a m irror site at  a nearby University 
that  provides a very fast  response t im e.  
 
Colin finds the search interface of SPI RES unfr iendly. When he searches for 
art icles, he looks for words in the t it le. According to him , the language used in 
HEP literature is very specific and standard;  HEP researchers are forced to use the 
sam e term inology and st ick to specific phrasing. Furthermore, the t it les always 
reflect  the subject  of the art icle, so he does not  think that  a subject  field in 
necessary. Colin uses SPI RES when looking for old art icles:  then he typically looks 
for the name of a person, and through the person he navigates to the list  of 
publicat ions, some of which are not  available online, in which case he t races them 
in other repositor ies. He somet imes uses arXiv to search for authors.  
 
When asked for his opinion about  a possible extension of the search capabilit ies 
of SPI RES to cover abst racts and the full text  of art icles, he said that  the system 
should first  search the m etadata, then the abst ract , and only then search the full 
text . Typically the m etadata and the abst ract  provide enough informat ion about  
the art icle, but  som et im es he rem em bers an idea that  was expressed in an art icle 
but  does not  rem em ber which art icle. I n such cases, a full- text  search is very 
useful.  
 
Colin suggested a few enhancem ents to SPI RES. He likes the fact  that  people are 
represented in the database and would add more content  to personal pages, 
 A Model of  Scient ist s’ I nform at ion Seek ing and a User - I nter face Design 
Tam ar  Sadeh 
Page 231 
including a large, clear photograph. Also, he suggests a synonym list  specific for 
HEP. For example, he says that  the terms collision and interact ion are both used 
to describe the same phenomenon, although they are not  regarded as synonym s 
in English. He expects the system  to automat ically look for alternat ive terms also  
or at  least  to suggest  them . SPI RES should t reat  acronyms specific to HEP in a 
sim ilar way—for example, the system  should regard SUSY and supersym m etry  as 
the sam e term .  
 
Colin suggests that  SPIRES add rat ings by the community. According to him , the 
citat ion index of SPI RES is useless in the kind of research in which he is involved, 
where hundreds of scient ists collaborate and every paper bears the nam es of 
them  all.  The fact  that  a nam e appears on an art icle is therefore meaningless. 
Another argum ent  that  Colin br ings in favour of rat ings is that  they can be 
disconnected from  the actual use of the art icle:  a scholar can recommend or 
cr it ique an art icle without  having to write another art icle that  cites the or iginal 
one.   
 
Regarding the coverage of SPI RES, Colin suggests that  SPI RES add internal 
publicat ions in a way that  will keep them within the community but  provide 
access to them  through the sam e interface. He is referr ing to the following types 
of internal publicat ions:  
 • ‘Technical notes’—raw notes that  have not  been edited, checked, or 
reviewed • ‘Physics notes’—notes that  have been reviewed internally  • Conference presentat ions—presentat ions that  were given publicly and 
hence belong to the public domain • ‘Scient ific notes’—notes that  are reviewed and subm it ted for publicat ion in 
journals 
 
Colin does not  think that  providing access to datasets make sense. First , it  is not  
‘fair ’ in the sense that  the creator of a dataset  has invested a great  deal of t im e, 
effort , and m oney to create it ,  while others are spared all the bother and take 
advantage of a ready-made work. Second, and more important , he believes that  
experiments are very complex, and someone who does not  know exact ly how a 
dataset  was created can jum p to wrong conclusions that  will require m uch effort  
on the part  of the dataset  creator to correct . Essent ially, a dataset  is not  really 
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usable to someone who does not  know it  well,  and document ing everything about  
it  for other people to use is not  realist ic. Furtherm ore, actual experience shows 
that  when datasets were provided to others—such as the large elect ron–posit ron 
collider datasets that  were offered in the public domain—hardly anyone looked at  
them . 
 
Although Colin uses SPI RES, he reserves its use typically for services that  he 
cannot  get  elsewhere. SPI RES is not  at  the top of his prior ity list .  He is likely to 
use it  more once SPI RES provides bet ter services.  
 
4 . David  
 
David is from  another count ry, a 27-year-old postdoctoral theorist  researcher who 
cam e to the inst itut ion for two years. His PhD was done part ly at  a university in 
his count ry and part ly at  CERN. The t im e he is spending as a postdoctoral 
researcher is devoted to realizing achievements that  will pave his way to finding a 
good job. The com pet it ion is tough.  
 
David arr ived a few m onths ago and, in general, likes the people and the 
atm osphere at  the inst itut ion. He thinks that  the modest  size of the department  
and the individual at tent ion by faculty members is an advantage. On the other 
hand, it  is not  easy to be in a foreign count ry, away from  fam ily and fr iends. 
There are quite a number of people from abroad, and they are all looking for 
company;  hence fr iendships are formed even though they cannot  replace his 
‘real’ fr iendships at  home.  
 
At  this stage, David is looking for interest ing topics that  will enable him  to come 
up with new findings or new direct ions. Eventually, he will summarize his 
research in a paper or a series of papers that  he hopes will demonst rate that  he is 
worthy of a posit ion in a leading inst itut ion. He reads quite a lot  and t r ies mult iple 
direct ions, typically discussing his ideas with his advisor and other staff.  
 
David understands very well what  the difference is between a known- item  search 
and an exploratory search. Most  of his searches are for known items that  were 
suggested to him  by other people. He feels that  looking at  those items is much 
m ore effect ive than searching for m aterials by him self, because the people who 
 A Model of  Scient ist s’ I nform at ion Seek ing and a User - I nter face Design 
Tam ar  Sadeh 
Page 233 
recommend materials to him  know the authors or the areas of research bet ter 
than he does. Although he spends about  20%  of his t im e looking for new 
m aterials, only very rarely does he perform  an exploratory search.  
 
David uses SPI RES for searching for known items and also for exploratory 
searches, although for the lat ter, he m ay consider Google as well (he does not  
know of Google Scholar) . He great ly prefers the way SPI RES looks—the design is 
nice and clean, and it  is easy to see t it les, author names, inst itut ions, and so on. 
He never had any t raining for using SPI RES, so he may be lacking knowledge 
about  the funct ionality provided by SPI RES;  he started using it  after seeing others 
use it ,  because, according to him , it  is the default  inform at ion system  for HEP.  
 
David uses arXiv only as a source of new subm issions. For searching, he always 
uses SPI RES. He likes the fact  that  SPI RES allows him  to follow links from  one 
art icle to another, m ainly from  an earlier art icle to a later one that  cites the 
earlier one. The SPI RES citat ion index should be considered with some 
reservat ions, he believes. I t  is more important  to know who cited the paper than 
the num ber of citat ions.  
 
David does not  like Google—first , because of the amount  of ‘noise’ it  br ings up, 
and second, because of the design, which, according to him , is unfr iendly:  the 
informat ion is not  well format ted.  
 
Although he has a Facebook profile, David is not  a fan of social networks and uses 
them rarely. I n general, he says, he is not  very good at  using gadgets and new 
tools. 
 
5 . Elena 
 
Elena is a theorist , in her second year of her doctoral studies. She obtained a 
m aster’s degree at  the sam e inst itut ion and her bachelor’s degree at  another 
university. 
 
Elena spends about  half an hour a day searching for m aterials. She searches for 
art icles m ost  of the t im e;  rarely does she search for informat ion about  
conferences, organizat ions, or people. 
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Elena uses the following inform at ion system s:  
 • SPI RES, for all types of searches for art icles  • arXiv, for m onitor ing new subm issions  • Google, for finding informat ion that  is not  pure HEP  
 
Elena loves SPI RES and does not  feel the need for any change in its interface or 
content . She est imates that  70%  of her searches are for known items;  the rest  
are exploratory searches. When she searches in SPI RES, she uses the Easy 
Search funct ion because she does not  remember the SPIRES syntax. She set  Easy 
Search as her ent ry point  into the system. She typically searches by keyword or 
author name;  she rarely searches for a t it le or date. She occasionally uses the 
Top Cite opt ion but  says she uses it  m ore out  of curiosity than need. 
 
Elena looks for an anchor—one relevant art icle—and relies on the navigat ion 
opt ions in SPI RES or, even more so, in the full text  of the ‘anchor’ art icle. She 
uses the SPI RES links to later citat ions of the papers and the references in the full 
text  to find earlier papers. She likes finding a reference that  includes a link or that  
is writ ten in such a way that  she can copy and paste the t it le into the search box 
of arXiv or SPI RES. She dislikes references that  appear as a journal nam e, 
volum e, issue, and so on because then she needs to reassemble the reference 
and put  each subpart  in another field of the Easy Search form  of SPI RES in order 
to obtain the art icle.  
 
To obtain a reference to an art icle in a specific format , she uses the relevant  
SPI RES service;  however, som et im es the process becomes cum bersom e:  she 
needs to copy the arXiv I D, go to arXiv, find the art icle, link to SPI RES, and then 
get  the appropriate form at  of the reference.  
 
Occasionally, Elena looks for people. She often knows only the author nam e;  by 
looking at  the author’s publicat ions one by one she manages to find the r ight  
art icle. She is aware of the ambiguity of author names, but  she typically looks at  
the longer list  of publicat ions, and only when she does not  find what  she is 
looking for does she t ry a variat ion of the name.  
 
To find a conference, she uses a dedicated Web site that  lists all conferences.  
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Elena does not  like links to publishers’ sites for obtaining the full text  of art icles;  
she always prefers the arXiv version. She uses arXiv every m orning, scanning the 
daily list  of new art icles. I f she is away for a while, she looks at  recent  art icles as 
soon as she com es back. She also uses arXiv if she has the arXiv I D of a specific 
art icle;  other than that , she never searches in arXiv. 
 
6 . Fred 
 
Fred is 28 years old and in his first  year of doctoral studies as a theorist . He 
obtained his master’s degree in another university and is current ly st ruggling to 
acquire a deeper fam iliar ity with the research topics, the tools used, and the 
people at  the faculty.  
 
Fred uses SPI RES for searching and thinks that  it  is the best  informat ion system 
available in his field. Lacking fam iliar ity with specific art icles and with the 
term inology, he finds an item of interest  in SPI RES and relies on the references 
and citat ions to obtain m aterials that  are relevant  to his research. He may use 
arXiv for searching, typically when he has the arXiv I D, but  in m ost  cases he uses 
SPI RES. Because he does not  know the query syntax of either SPI RES or arXiv—
he does not  have the pat ience to learn it—he uses the Easy Search form  in 
SPI RES and the advanced search form  in arXiv, which do not  require any 
knowledge of the query syntax. 
 
Fred uses SPI RES also to find m aterials that  are not  found in arXiv, m ainly 
theses:  when looking for these, he adds the word thesis as a query word, and this 
typically ‘does the t r ick’, as he says.  
 
Fred likes SPI RES very much because of the informat ion it  holds. However, 
because his field is closer to ast rophysics, he som et im es discovers that  the 
materials that  he is looking for are not  found in SPI RES, in which case he needs 
to use other informat ion systems, including Google.   
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7 . Gordon 
 
Gordon is 31 years old and in his first  year of doctoral studies as a theorist . He 
obtained his master’s degree at  the same inst itut ion and is fam iliar with the 
research topics, the tools, and the faculty members of the department .  
 
Gordon searches m ost ly for known item s and uses SPI RES for his searches. He 
likes SPI RES and thinks it  is a great  resource. Besides the content  that  he values, 
he likes the citat ion links, which he uses to follow ideas through the web of 
art icles. He thinks that  being able to see scient ific work before it  is published in a 
peer- reviewed journal is ext remely valuable. Of course, he knows that  the full 
text  of preprints resides in arXiv, but  because he can access the preprints by 
searching in SPI RES, he considers SPI RES the source for everything. Only when 
he cannot  find som ething in SPI RES does he t ry another inform at ion system —
typically Google or Google Scholar. This usually happens when he needs older 
m aterials. Another opt ion for obtaining older m aterials is to go to the physical 
library.  
 
Gordon uses arXiv for looking at  new post ings, but  because he has so m uch to 
read, he looks at  such post ings on a weekly or even monthly basis—certainly not  
a daily basis. He does not  go direct ly to arXiv but  receives the list  of new 
subm issions by e-mail.  
 
Gordon uses SPI RES for conduct ing exploratory searches. He t r ies keywords from 
the t it le along with author nam es and follows citat ions and references unt il he 
reaches the relevant  m aterials. I f he does not  know the exact  spelling of an 
author’s nam e, he t r ies looking in Google for the nam e he has in m ind, and then 
uses Google’s suggest ions to ext ract  the correct  name and search for it  in 
SPI RES. He does not  like Google, in general—Google displays too much ‘noise’, he 
thinks. SPI RES, from  his perspect ive, is inclusive for his field. 
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Appendix B: List  of Publicat ions  
Sadeh, T. (2010)  Open products, open interfaces, and Ex Libr is open-plat form  
st rategy, Library Review 59 (9) , pp. 677-689. doi:  10.1108/ 00242531011087006.  
Sadeh, T. (2008)  I nform at ion-seeking behavior in the high-energy physics 
com m unity. Paper presented at  the HCI  and I nform at ion Services Conference, Charles 
University, Prague, Novem ber 10, 2008. Available at  
ht tp: / / uisk.ff.cuni.cz/ detail.do?art icleI d= 6662. 
Sadeh, T. (2008)  Mult iple dim ensions of search results. Paper presented at  the 
Analogous Spaces I nterdisciplinary Conference, Ghent  University, Belgium , May 15-
17, 2008. 
Sadeh, T. (2008) . User experience in the library:  a case study, New Library World, 
109 (1/ 2) , pp. 7-24. doi:  10.1108/ 03074800810845976. Available at  
ht tp: / / www.em eraldinsight .com / journals.htm ?art icleid= 1642000.  
Sadeh, T. (2007)  Tim e for a change:  new approaches for a new generat ion of library 
users, New Library World 108 (7/ 8) , pp. 307-316. doi:  10.1108/ 03074800710763608. 
ht tp: / / www.em eraldinsight .com / 10.1108/ 03074800710763608. (The art icle 
received the Em erald Literat i Club Award for Excellence 2008.)   
Sadeh, T. (2007) . Transform ing the m etasearch concept  into a fr iendly user 
experience, I nternet  Reference Services Quarter ly  12 (1-2) , pp. 1-25.  
Sadeh, T. (2007)  User-cent r ic solut ions for scholar ly research in the library, LI BER 
Quarterly  17 (3/ 4) . Available at  
ht tp: / / liber. library.uu.nl/ publish/ art icles/ 000215/ art icle.pdf. 
Sadeh, T. (2007) . User experience for library users:  t im e for a change, Password 
01/ 2007, pp. 20-23 (printed version) .  
Sadeh, T. (2006)  Google Scholar versus m etasearch system s, High Energy Physics 
Librar ies Webzine 12 (February 2006) . Available at  
ht tp: / / library.web.cern.ch/ library/ Webzine/ 12/ papers/ 1/ . (The I nform ed Librarian 
Online selected the art icle as an Editor ’s Pick in May 2006.)  
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Sadeh, T., and Ellingsen, M. (2005)  Elect ronic resource management  system s:  the 
need and the realizat ion, New Library World 106 (5/ 6) , pp. 208-218. doi:  
10.1108/ 03074800510595823. Available at  
ht tp: / / www.em eraldinsight .com / journals.htm ?art icleid= 1501637&show= htm l. (The 
art icle received the Em erald Literat i Club Award for Excellence 2006.)  
Sadeh, T. (2004)  Developing an elect ronic resource m anagem ent  system :  Verde from  
Ex Libr is. LI BER Quarter ly  14 (3/ 4) :  322-334. 
Sadeh, T. (2004)  The challenge of m etasearching, New Library World 105 
(1198/ 1199) , pp. 104-112. doi:  10.1108/ 03074800410526721. Available at  
ht tp: / / www.em eraldinsight .com / journals.htm ?art icleid= 1509164.  
Sadeh, T. (2004) . To Google or not  to Google:  m etasearch design in the quest  for the 
ideal user experience. Paper presented at  European Library Autom at ion Group (ELAG)  
2004 Conference:  I nteroperability:  New Challenges and Solut ions. Trondheim , 
Norway, June 9-11, 2004. Available at  
ht tp: / / www.exlibr isgroup.com / resources/ m etalib/ To_Google_or_not_to_Google.pdf. 
Sadeh, T. (2003)  I ntegrated access to hybrid informat ion resources, LI BER Quarter ly  
13 (1-4) , pp. 299-311. 
Sadeh, T., and Walker, J. (2003)  Library portals:  toward the semant ic Web, New 
Library World 104 (1/ 2) , pp. 11-19. doi:  10.1108/ 03074800310458241. Available at  
ht tp: / / www.em eraldinsight .com / journals.htm ?art icleid= 860135. (The art icle received 
the Em erald Literat i Club Award for Excellence 2004.)   
Sadeh, T. (2001)  MetaLib and SFX:  m anaging heterogeneous resources in the 
scholar ly environm ent . Paper presented at  CASLI N 2001, Library of Academ y of 
Sciences of Czech Republic and Nat ional Library of the Czech Republic. Beroun, Czech 
Republic, May 27-31, 2001. Available at  
ht tp: / / www.caslin.cz: 7777/ caslin01/ sbornik/ m etalib.htm l. 
Sadeh, T. (2001)  SFX and the OpenURL framework for the hybr id library. Paper 
presented at  European Library Autom at ion Group (ELAG)  Conference 2001:  
I ntegrat ing heterogeneous resources. Prague, Czech Republic, June 2001. Available at  
ht tp: / / old.stk.cz/ elag2001/ Papers/ Tam arSadeh/ Tam arSadeh.pdf.  
Sadeh, T. (2001)  Technologies and st rategies for the interconnect iv ity of the hybr id 
library. Paper presented at  the 10 th Panhellenic Academ ic Librar ies' Conference. 
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Thessaloniki, Greece, October 15-17, 2001. Available at  
ht tp: / / www.lib.uom .gr/ palc10/ english/ sadeh.doc. 
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